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FORWARD

This document is Section 2, of Volume 6 of the Storable Space Tug Systems
Study Data Dump. Section 2 contains the orbital operations performance data.

The first subsection of this document contains the Delta-V Budgets which were
used to evaluate the performance of each concept. The second subsection presents
a series of tables that demonstrate the feasibility of combining several missions
into a single mission. The third portion of this volume presents the bulk of
numerical and graphical performance data including payload capability daba, perfor-
mance sensitivity coefficients, delta-V versus payload plots, and consumable time
histories.

Reference mission descriptions including detailed orbital maneuvers tables,
and functional/operational timelines are contained in the next subsection. The
final subsection presents ground tracking coverage information for both the NASA/
STDN and the DOD/SCF network
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DEFINITIONS OF SYMBOLS:

EOS

TP

ST

PL

POI
TOI
MOT
HOI
CIRC
MCC
ADJ
APS PER NOD
GEOS
SLEW
NB

WB

IMU
CONSUM

FUEL CELL VENT
TPI
TPF

Earth Orbit Shuttle

Tug Performance

Space Tug

Payload

Phasing Orbit Insertion
Transfer Orbit Insertion
Mission Orbit Insertion

Hybrid Orbit Insertion
Circularization

Mid-course Correction
Adjustment

Apsides Period Nodes
Geosynchronous

Attitude Maneuver

Narrow Deadband Attitude Control
Wide Deadband Attitude Control
Inertial Measurement Unit

Consummable (fuel cell reactant and

start/stop losses)

Fuel Cell reactant and start/stop losses
Terminal Phase Initial

Terminal Phase Final



6.3 ORBITAL OPERATIONS PERFORMANCE DATA
6.3.1 Delta -V Budgets

The desire to accurately reflect the TUG's payload capability to
geosynchronous and planetary mission orbits required that the differen-
tial nodal regression, if any, and the engine thrust level effects
(gravity losses) be factored into the delta-V budgets. The delta-V
budgets presented in this section include these effects.

Table 6.3.1-1 is a matrix that indicates the applicable delta-V
budget for each vehicle/mission combination. For example, if the reader
wanted to locate the delta-V budget used by a single stage TUG with an
AKS deploying a single payload to geosynchronous orbit, a glance at Table
6.3.1-1 would indicate that the Option (1, 2, 3A, or 3B) must be known.
If vehicle/mission were to be in Option 1, then delta-V budget 13 (BUDGET
TYPE 13) would be applicable. Budget type 13 can be found in the next
table, ife., Table 6.3.1-2. A similar procedure is followed to identify

the applicable delta-V budget for other vehicle/mission combinations.

PAGE 6.3- 1
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(:.3.2 Mixcd Mission Performance

The feasibility of combining various missions from the Missions Model to
form one mission has been demonstrated and the results are presented in the tables
accompanying this section. The combined missions were formed from five
missions in the Mission Model, i.e., Mission 12 through 16. Those missions from
the Mission Model whose mission orbits were closely related, energy-wise, were
combined into a single mission that was ultimately "flown" wifh the limited
capability vehicles in Options 1 and 2, i.e., 110A-1 and Lioap2.

The particular Tug concept in question was loaded to the limit defined by
the Shuttle's capability for a launch directly into the orbit plane required
for the first payload placement or retrieval. Thus, starting with an off loaded
TUG, the orbital maneuvers required to accomplish the multi-mission orbit operations
were performed, and the required MPS propellaent was checked against the MPS
propellant available in the off-loaded condition. The results indicate that each
of the combined mission presented in the accompanying tablescan be successfully

flown with the vehicles previously described.
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6.3.3. OPTION 1
. _CONCEPT 1HO A -

GEOSYNCH DOEPLOY PERFORMANCE
Wi = Wy, = Wapser

ITsp = 3272 sec
= L5000~ 1279

. Tepgep = ((993) Lyp = 3211376 sec
W= 63721 \bs

Wenes = 3191 Ibs . !

Weo = Wrixes + 0-177 Consumables

= 319} *ro0.11C /
T'Ag | Lens‘\'\\ = ‘;T = 335 n
AKS Length = Ly = 6bm -

Available PL Length =

‘Q

—

= 32.08 ft =

a4

7120 - 335 = 385n
= 720-335-6( =

W/QK"J
319 = 26.58 § =~

NI
LS
ey

w.Hh s

NASL MISSIONS

Wee= 3191 + 0.17¢329) = 3247 1bs

WejL= £(321.65ec,32471bs) =[4014 |bs

(Ref T—'aa. A3.1.2 -2)

WITH KitK STAGES

Plcme*c\nj Missions

“Ks 10| Whie

=1 f(Prvr, av)

(Re® F-u} 4.3.].2-5)

-

GEOSY NCH M15910MS

KS 102 We, =] 8207 lbs

(Ref Fig 4.3.1.2-4)




CONCEPRPT HHIOA-i (cont)

DOD MI9SIONS
WITHOUT KICK STAGES

Weo(Masa) + AW coram

Wgo *
= 3247 + 13
= 32060 lbs -

- 39&4 ibs (Ref Flﬁ l.3.|-2—7—)

WP/L : F(3210 Sec, W =3260 lbs )

/
/

!

WITH KICK STAGES
USE NASA Kiclk Staqe Pecformance
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TUG WEIGHT HISTORY

CONFIGe CONCEPT 0 110A-1

@ _icmcom e e

sLY PAY

WY AFY

PRO=-APS

T BEFP PRO~MA IN
EREESEEE EEREEERE SRS RRE EEE KRR K b2 21T EY)
1 ST THRUST * 63721.0H % Dol % 63721,0 % NeD * 0.0
2 NB RELEASE ST X 63721.,0 % D0 * 6372N,9 * Nel *x N0
3 wB ¥  63720,9 * Ve * 63720,9 % Dol % DeD
4 SLEW IMU POtY * 63720,9 * 0.0 * 63704,4 * DeNH * 16.5%
§ NB IMU PDI * 63704,4 x» 0.0 % 63704.3 * Ol % 0.l
& _ pot ¥ _63704,3 % 040 % 42576,84 % 21127.8 # 00
7 MPS VENT *  42576.,4 * Vel * 42568.4 * T} % NeD
g ws * 42568.4 % Bal ¥ 42568.4 * YTeft % 0.1
9 SLEW MCC X__A42568,4 % Ne * 42562,8 * N0 % Se5
10 NB MCC * 42562.8 % 0¢0 * 42562,8 = N % 040
11 MCC X 42562,8 % QD * 42488,.,8 * NeD * T4l
12 wB % _424R88,8 * N0 % 42488,7 % 0.0 % 001
13  SLEW IMU TOI X A424R8,7 * NeD * 42877.6 % Dol % 11,92
14 NB IMU TOY X 42477.6 * Dot x A&2477,5 * Be0 % Cel
15 101 X __A42477,5 x DeD * 298489,9 % 13027.,6 x NN
16 MPS VENT * 204849,9 % Do % 20441,9 * NeD * N0
.17 wB * 29441,9 % D0 % 29481 ,7 = NN Xk Ce3 -
18 SLEW MCC X 29441,7 * 0e0 % 29437,8 = Ded % 3.8
12 NB MCC £ 29437,8 x Cof % 29437, % Del % N.9
20 M™MCC * 29437,8 % Nell * 20390 ,5 % TNeh % 47,3
21 _wB *_ 29390,5 % Do * 2039N0,3 x% Dol * Qo3
22 SLEW DEPLOY * 29390,3 % N % 20386,4 * N % 3.8
23 NB DEPLOY * 29386,4 =% De0 * 2938643 * 00 % Cot
—24& DROP PL 1=AKS * 2938603 % «21963.4 & T7422.9 *% DD =% 0.0
‘ 25 THRUST FF PL 1 * 7422,9 % Nel x 7413,0 % Nell % 9.9
26 WB * T413,0 x% Do % T7403,9 x Del * 9.1
—27 SLEW IMU YOI * 74N3,9 % Qe % 7403,5 * Ned * De48
28 NB IMU TOI * 7403,5 = 0.0 * 7403,1 x D0 =% 0.4
29 TOI1 % 7403,1 x Dl % 6979.0 * 424,1 » Ce0
__ 30 MPS VENT * 65979:0 * 0,0 % 69710 * Qoll *x Do
31 w8 * 6971.0 % N0 % £969.4 * NN = 1.6
32 SLEW MCC * 596944 * Tef % 656F¢3 ¥ . Dol & Ge2
33 NB _MCC * 6969,3 * DD & 69691 * Ge %= 0,1
34 wmCC * 6969.,1 % D0 * 6967.3 * N0 # 1.9
35 wB * 6967.3 DeD x 6965,7 % D40 * 1.6
36 SLEw IMU POI1 * 6965,7 % DD * 6965,3 = N0 % De6
37 NB 1My POI * 6965.3 * Deh % 6964,9 x JeN % 0.4
38 P01 * 5964,9 * Dol % 4831 .6 % 2073.,3 « 0.0
39 MPS VENT * 4891,6 % Def * 4883,5 % NeD %« Ce0
40 wB & 4883,6 % DN = 4881,.,7 DD % 1.9
41 SLEW MCC * 4881,7 =% D0 = 4881 ,56 » Do) & 0.1
82 NB wmCC * 488146 % Do % 4881 .4 % N0 =% 02
43 MCC * A881.,4 % 0.0 *x 4874,2 % N0 * 7.2
44 wR * 4874,2 * Nel % A872.,4 *% D0 % 1.9
—A4S SLEw IMU CIRC * 4872,4 % Dl % 4872,1 % DD % o3
46 NB IMU CIRC A4BT72,1 % D0 = 4871.8 *» D0 = 0«3
47 CIRC * 4871.8 % N0 * 3288.4 *» 1583.,4 = D
48 wWH * 3288,4 % 0.0 % 3287.8 * De0 =% [+ P ]
49 SLEW ADJ * 3287.8 % 0.0 % 3287.8 % 2.0 * Nal
_ S0 NB ADJ * 3287.8 % NN % 3287.5 * Del * n.2
51 ADJ * 3287,5 % D0 % 3282,2 % Dol * 5.3
’. s2 ws *  3282.2 * 0.0 * 3279.7 ¢ 0.0 * 2.6
53 SLEW EOS CAPTURE ST % 3279.7 % C.0 = 3279.6 = 0.0 = 0.1
S4 NB CAPTURE etk 3279,6 % 0.0 x 3277:3 = DN} % 23
SS. CONTINGENCY 1.7¢( * 32773 % 0.0 % 3100.,8 * 86,6 * 0.0
' "PACE 6.3~ 2L kK kokk L2213 31 T
YOTALS _ e .._38322.8 212.0



CONSUMABLES ANALYSIS

Assumptions
(1) APS AV = 0.003 x Preceding MPS AV

(2) NB (Narrow Deadband) attitude control used during IMU
update, MPS and APS burns, deployment and capture by
Shuttle, deployment of and docking to payload, and
rendezvous and docking to payload.

(3) MPS AV contingency = 1.7% MPS AV

(4) Rendevous:

TPI 30 ft/sec MPS

TPF 35 ft/sec APS

oM

Loomsd

TUG DELTA-V BUDGET

e CONFIGe CONCEPT ¢ . 110A~-% = ce e e e . o . e e

—1=STG DEPL 1 PL=AKS INGEOS . : R e e e

DV _MAIN DV APS

kK ko k ¥k ok ok ok ok ok &k
1 ST THRUST * Cef % 0.0
—,—,—. B POY % 42482,0 x 0 0.0 - - R
11 mCcC * 0,0 = 13,0
15 TO1 * 3535640 = [ I )
2 MCC % O X 1260
2% THRUST =R PL 1 * NeN % 10.0
29 TOI * 6210 * [ I
34  wMmCC L ¥ DD X 2.0 L B
38 POt * 3720.,0 % 0.0
43 McC * NeD & 11.0
e BT CIRC L X A138Be0 X Qe
St ADJ * N.0 % 12,0
5% CONTINGENCY 1.7( * 281,8 * (Y5
e e e e L R AR R RR KkKEEEER . -
TOTALS 168%8,8 600
-l
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TUG WFIGHT HISTORY

CONFIG.

CONCEPT 0

117°A~1

1-SYG OEPL 1 Pt IN GEOS

DLT PAY WY AFT PRO~MAIN PRO-~APS
SRk UREEE AEESEhEE ERERREER seFRE kK X RERE KK
1 ST THRUST ® 63721.N = NelBl x 63I721.,C % Nel = OeN
2 NB PELEASE ST ® 63721.0 % Do * 63721.0 * AN & NeN
3 wn £ £3I721 .0 =% NN x  63727,9 * NN & oY)
4 SLEW IMU PO1I & 6372N.9 * NeD % 63704,4 % N0 % 16.5
S NB IMU POT ® 637C4.8 * 0s0 = 6377%4,3 = NN X ne1
6 _Pnt ® _63704,3 * D & 42411,C & 21293,3 * Da0
7 w8 * 42411 .0 = 0«0 * 42411,9 = f.0 % Ot
8 SLEW MCC & A42410.9 * D0 * A424rS5,4 % DN *® 5.5
9 NB MCC % 42405,4 * NN & A2405,.3 % Nt & Oef
12 MCC *® 424053 * NeD ® 42331 ,5 * 9.0 % 73.8
11 w8 ® 42331,5 % O % 482331,5 % De * el
12 SIFw IMy TOIY x  42331,5 % Qe % 42327 ,.%5 * NN % 11,7
13 NB IMU TOI1 ® 42320.5 % 0e0 & 423204 = DO * 0.1
14 T7TO!I! * 42320.4 * Dell ® 20224,1 * 13096.,2 * Ce
15 MPS VENT *__20224,1 % NeN & 2921243 * NaN % 0o
16 w8 * 29212.1 * OeN & 29211,9 * Ne = Ce3
17 SLEW MCC % 29211.9 * DeN % 29208,1 = D0 = 3.8
18 NB MCC *_ 29208,1 * N0 % 20208.,N * ND = Do
19 wMCC & 292CR.D * Oe) % 2916161 * Ge} » 46.9
20 w8 % 29161.1 % Qe * 291609 % Ve % 0.3
21 SLEwW _IMy MOT *  29160,9 % N * 29153,3 * Net * Ze b
22 NB IMU MO1 ® 29153,3 % Cel * 29153,2 = T¢N * Del
23 wmO1 * 29153,2 % Oe ® 18745,1 % 12408,1 * Ne?
24 MPS VENT * 167845.1 * 0.0 % 16733.1 = Q.0 * De
25 w8 ® 16733.,1 * Qe £ 16732,9 = Ne0 * Oel
26 SLEW MCC * 16732,9 = Qe % 1673C,R % 0D % 2.2
27 N8 MCC & _15730n,A % A0 ® 16737 ,7 * NeN = N49 _
28 MCC & 16730.7 x O * 16690,.4 % NeD % 40,3
290 w8 * 16690.,4 % O & 16600 ,3 * Ne.H = Se?
30 S|Fw DEPLQOY % _16690,3 % 0,0 &= 16688,2 * D40 = 202
31 N8B DEPLAIY ® 165688,2 % 0.0 = 166RA.1 = 0.0 * Cel
32 DFPOP PL 1 ® 16688,1 * =48022.,7 % 12666.1 =% AeD X (Y,
33 TYHRUST FR O & 312666, % Ne” ® 12649, * Nel * 17,0
34 w8 * 12649,1 * O % 12649,1 * 2.0 % 0.0
35 SLFW IMyU TOT * 12649,1 * O.N % 12628,4 * Nef % LI 4
36 NS IMU TOY % 12648,4 % NN ®  12K548,2 % Be0 * Pe2
37 YOIl ® 12648.2 * Qo % 726248 * 538%5.4 * 02
38 MPS VENT * 7262.8 * 0.0 =% 725C.8 * .0 =% D0
39 w8 * 7280, * LR ) 7249,1 * Neli * 17
an SLEW MCC ® 724941 * Ol = 724R,9 * Del * 0,2
41 NB MCC * T7248.,9 * NN & 724R.8 * fel * 0.1
42 wmCC % 7248,8 % NG = 72313 * V40 % 17.5
43 w8 * 7231.3 * 0o % 7229.6 * 0.0 * 17
44 SLEW IMU POT * 7229.,6 ¥ N0 % 7229.3 * Dol % Nebd
a%s NR _DOT % 7229,3 % 0,0 * 7229, % N % Ne?2
48 PNt * 7229, * Coel = ENCT7e2 % 2221.,9 % NeN
47 MPS VENT * S3NT7e?2 * Neh = 49095,2 = Al % DN
ag wAR s 4005,2 =% NN _* 4994,1 * NeD % 11
49 SLFW MCC * 49G4,1 = AN = 4993,9 * Ne = 0ol
SN NB MCC * 4903,9 % Ned = A903,8 * N %X NOel
5] wmcC * 4903,8 % [ . A4985,8_* AN % P
52 wae % agRs ., 8 % NDeN % 349084 ,5 * Neh =% 12
Sa SLFW IMU CIRC * 4988,5 * Oeft % 4984,2 * Nel % 0.3
—5a__NRBR CYRC__ o * A9RE,2 & NN % A983,9 % NN x 0,7

|
1



0.0

3349,.1

1634.9

55 CIRC * 4983,9 * * * L 0.0
56 w8 * 3349,1 * D.C % 3348,.5 % D2 % 0e6
57 SLLEwW MCC ® 3348,% x 0,0 % 3348.,4 * Ded * Cel
S8 . NB MCC L 2 3348.4 » 040 * 3348,2 % QoO'* 0.2
859 ADJY * 3348,2 » 0.0 = 3342,.,8 » 0.0 =% 5.4
60 w8 . * 3342,8 * 0.0 *= 3340.4 % D0 * 2.8
61 SLEwW EOS CAPTURE ST =% 334048 % 0.0 % 3340,4 * Del % Dol
52 NB EOS CAPTURE ST * 3340,4 * D0 % 3338.1 % NeD = 2.2
63 CONTINGENCY 1,7( * 3338,1 * 0,0 = 319140 * 147,1 * Do
B I T T TIT Rk kkkkk
TOTALS 56186,9 273.0
E? TUG DELTA-V BUDGET
4
CONFIGa CONCEPY 6 110A-}
_1-ST6G6 DEPL 1 PL [N GEOS
DV _MAIN 0OV APS
EREERRKEK Kk kk xRk
1 ST THRUST * Gt % C.0
6 P01 e X A283,0 % Co _
1% MmCC * 0.0 % 13,0
i 14 TDI * 3898,0 = Ce0 -
19 MCr * G0 % 12.0
23 wMmO1Y * S837,0 * Q.0
28 MCC * Cel * 18,0
. 33 THRUST FR PL * Cel % 19.0
¥ 37 TOY * 5840 ,0 * 0.0
42 MCC * Ce0 =*x 18,0
46 POl * 3866,0 = 0450
S1  MCce * 0,0 * 12.0
55 CIRC * 4185.0 % N0
59 ADJ * Pt % 12.0
63 CONTINGENCY 1.7( * 474 .5 & 0.0
’ R EKEEE KK ok ko Rk
TOTALS 28383,5 98,0

PAGE €.3- 27




6.3.4 OPTION 2

CONCEPT 4i0AD-2
Q’ _ GEOSYNCH PERFORMANCE

REFERENCES:
Q. 410AD-1 Concept De?.niht;n, Tssue 1, dated ib Augusi 1973

b. B8/M047- 73054," Tug Reguur.emen‘fs, Revision 2, dated 15 Augq 1973

-

GENERAL TNFORMATION

Weixep = 3413 lbs I9P = 338 sec

Wi = Pllo = Waoars- Tspere = 483 Lsp = 332.254 sec
= éSooo— 1279 - '

We = 63721 tbs
Weor= Wewep + Seons)
Tug Length » Ly = 297 n
Kick Stage Length = L= 66

Ocbiter P/L Bay Lensih= Lo = 720m

AVf\“ﬂblc P/L Bﬂ'j Lcng“w = LP = Lo’(LT+ ZLK)
35 H

o

LP(w/o K.5.) ~ 720'297 = 4773 ‘Vn = 3%.2% .f-}

Lp (with 1 ws) = 720 -€297+ 66) 357w = 29758 | 29§

261 m = 24725084 = | 240k

Lewin 2vs) =720 -(227+132 )

NoTe: Kick ttage Diemeler = 10-12 £}

NASA MISSIONS

WITH QUT KICK STAGES

_S_:pgle Pag‘ood
.- Wgo (Deploy ) = Weot ~ Wetey = 341340.i7 (230)- 107

= 34\ +0.26(431)

= 3965.5 lbs

(1]
(&)
o
w
0
6‘.
w

VIBO (Pn_*-r‘évc) = WED.I

\
= 24134 0.271(60%, =

(&M

1
Wgo (Roun. 'l'r.fl) = VigoT.

PAGE (.3- 22




CONCEPT 410 AD -2 ceont)
Single Rayload Ceont)

WPIL Coeploy) = £ (Wi=b372L wgy= 3355.5, Tspe = 332.254) 4 4914 lbs

(ﬁj‘i.efz.za )

W/ (petnieve) =+ (63721, 3550, 232.254)

Ref
(Fn', 4.3.2.2-2 )

Ref
(F;ﬁ 4.3.2-2' 3 )

2| V574 lbs
WP/ (rovan Terw) = feerra1, 3570, 322.26u ) =| 1080 Ibs
‘\ ‘
Mol ti - Payloads . ‘
Wp/L coeploy ) =$(Ffsure 4)
Wp/L (eourd Tip) = T( Figure S )
WITH KICK STAGES -
KS 401 ) Plnnefm_’g Deploy
Weo = Weyy- Warey = 3413+ 017(265) - 107 = 3351 lbs
Wey tPranctary ) = f (prwt, AV) = 5?5)0 bs . ::2'2_
AV : 18,400 fps 3

KS 403

s

Smgle P/ Deploy - Retneval on bater Flight

Wgo = Weor = 3413 +0.17(265)- 107 = 3351 lbs  (Deploy Fright )

Weo * Weor > 3413+ 0.28 (600) =

See
Wey = F(wi,wae,IsPe,av) = 3920 lbs

KS 4()4 ' Double P/'}_ DCPI_O_S - Ip.d'-.\'fdual Rel‘rtve\{.’t‘ on Later F(ljb_tﬁ_

Weo = Weos - Werevz 4134011 (335)-107 = 3363 \bs C Deploy Flight)

Wap = Weox = 4134 0.28 (660 =

see
Wey = r(wi,wao, Tsee, Ay ) 2770 ltbs

PAGE 6.3~ 20

3598 1bs  (Retrieve Flubh‘)

F'RS 4.3.2.2 -

2528 lbs  C(Rebreval Flight)

/pL | Fa 43.2.2-




CONCEPT 410AD-2 (cont)

KS 405 5\'n3le P/L Round T"‘E,

Weo = Weox = 3413 +0.27(%22) = 3554 Ibs

See
Wep = flw, wee, Isee , 4V) = 2640 lbs | Fig 43.2.2-
KS 405A [_)gp_lgé Heavy, Nen- Recoverable P/L_0On Round -Trip_Flight.
 Weoe = Weor = 3413 +0.27(522) = 3554 lbs |
See
We = F(wi,we, TP, 8V) * 6620 lbs Fig 4322~

PAGE C.3- 39
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CONCEPT 410AD-2 (cont)
DOD MISSIONS

WITHOUT KIit¥ S TAGES

Single Payload
Weo = Wao (nasa) t AWeomm = Wesasa) + 33

Weo ¢oepwoy) = 3366 + 33 = 3398 lbs
3583 1bs

n

WBo(RETRIEVE) = 3550+ 33

Wio (Rowud Toip) < 3576 + 33 = 3609 b

T Weiigeptey) = 2128 lbs
NP}L (_Rdneve\ = 152 S IBS -
1044 lbs

Wou (eound Top) =

Mulh - PmJ\'oads

Wp/L (De?\OE,) = ‘F( F\gure 4)
WeiL cretreve) = £ (Figure 5)

WITH KICK STAGES

Use NASA Kick S':'qge Performance

See Figurcs 4.3.2.2 - ﬂ'\rou_t)h
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PAGE 6.3~ 43

TUG WEIGHT HISTORY

CONF [ Ge

CONCEPT 0

1-STG DEPL 1 PL_IN GEQS

ST12AD-)

WT BEF OLT PAY wT AFY PRO-MAIN PRO-APS

ek EX A o o ok ok ok ok & Bk EEhkk Wk ek kg o ok ok K koK

1 ST THRUST * 63721.0 =* 00 * 63721.0 * N0 * 0.0
2 NB RELEASE ST * 63721.0 = Oeh * 63721.0 = V.0 * L)
3 w8 653721 ," * 0N % 6372F,9 & WL DN
4 SLEW IMy o0t * 63720.9 % D0 & 637N4,4 * 0e0 % 165
S NB IMU POT * 63704,4 % QN = 63704,3 * D % Cet
6 __POL *  63704,3 = 0,0 & 43157,0 % 20552,3 A.0
? B & 43152.0 % 00 = 4315 +9 % 0o = 0ol
8 SLEW MCC * 43151,.9 * 0ol * 43181,3 % NeO * 5.6
9 NB MCC ® 43746,3 * Cof * A43146,7 * NeN * nn
10 w™McCC * 43146,.3 * Cel & 43I071.2 % Do * 7541
11 wR * 43271,2 * D.0 * A3IT1,.1 % DD & 0.1
12 SLEW tMu YOI ¥ 43771 ,1 = e % AINEYL9 * Nel) % 11,2
13 N8 IMU TOI * 43959,9 * 0eC % 43059.8 * Ned * 01
18 T01 * 43759,8 % CeDH %= 3I0130,2 % 12929,6 * f.0
1S FC REACT £ MPS VENT & 3I013n,2 % Ne &  30112,9 =* e * N0
16 ws % 30112.9 % 0N * 3011247 % Do) * 0.3
17 SLEW MCC * 30112,7 * 0.0 &« 2MICA.8 * Nel & 3.9
18 NS MCC £ 30108,8 % CeO % 30108,7 % D0 * 040
1o w™mcc ®* 30108.7 * Def %= 300604 % Dol # 4.4
20 ws & 30%60.4 % NeO & 3IN06D.1 * Ned * 0.3
21 SLEW MU MDY * INN60 L1 x N % 3~NS2,3 =% Ned % Te8
22 N8 IMU MOT * 30752.3 % 0N % INCE2,7 % NeD = Det
23 Mot * 3N052,2 * Ren & 17552,2 % 12500,N % a0
24 FC PEACT € MPS VENT & 17552,2 % 0 *  17535.0 * De0 * 0.9
25 wn &£ 17535, = 0.0 * 17534,8 * Yo % net
26 SLEw MCC * 17534.8 * 0D % 17532.6 = N,0 % 2.3
27 NB MCC *  17532.6 % Cel *  17532,5 # Neh 0.0
28 MCC e 17532.5 = N.0 & 17400,3 1.0 * 42,2
26 wB * 17490,.3 # 0.0 * 17400,2 * Neh = C.1
30 SLEW DEPLOY % 17490,2 O & 17487.9 # 0D % 243
31 NB DEPLOY * 17487.9 * 0ol ® 17887.9 =% Neh * 0.1
32 OROP PL 1 # 1748B7.9 % <-4901¢,1 * 12573,8 % Nel * 0.0
33 THRUST FR O % 12573.,8 % CoeD * 12556.90 * 2,0 1648
34 ws * 12556.,9 * Del 2 12556.9 % Ve # 0.0
35 SLEW IMU TOf * 12556,0 % NeN & 12556,3 % Nel * 0.7
36 NB Tmu TO! % 125%6,3 * 0.0 * 12556,0 % N & Ce2
37 101 * 12556.0 % 0ol =% 7339.5 * 5216.,5 % )
38 FC REACT &€ MPS VENT %  7339,5 » D0 &  7322.3 = NeD = 0N
30 w8 *  7322.% % N0 * 7320.5 % Y140 % 1.7
4%  SLEW MCC *  T7320,5 * 0.0 ®  7220,3 » .7 * 0.2
a1 NB MCC *  7320,3 = CeD *  732N,2 # e % Ot
a2 MCC % 7320.2 = Dol % 735246 % 2,0 % 175
a3 w8 *  7302.6 * 0o * 730%.9 % Neh % 1.7
44 SLEW IMU o0t £ 7300.9 % 0.0 % 7309.5 * Nel * Cea
as NBR o0t *  T7ICPR.5 % 0.0 7300.,3 % Tef) 0.2
46 ont * 73003 = AN % 51172 = 2183,1 % Cof
A7 FC PEACT € MPS VENT % S117,2 % Dol * 5996,9 = Ned & Nen
ag w8 * _ 8000,9 % Nt =* 57998.8 * .0 # 1.1
49 SLFW MCC £ 5908,8 =% Col) = 599R8,7 Ay Net
s~ NB MCC *  S90R8,7 * Ce0 = 5008,6 = NeM % Cot
S1 MCC * S"QR .6 * AgN % SAQNA ,4 % Ve % Re?2
52 wa * SA0N 4 =& NeD % 5989,1 = NN & 1.2
53 SLFW 1My CIRC * S7"A9,1 Nen # SNR8.9 * Ne0 = 0.3
S& NB CIPC 5  S08A,9 » 00 = SNBA.6 % N ® 0.3




5% CIEC ®  5088,6 * 0.0 * 3464,.1 * 1624,5 = 0.0
s6 w8 ] 3464,1 * 00 =% 3463,5 * Ced =% 0.5
57 SLEW MCC * 3463,.5 % D0 % 3463.,4 * NN % Cal
s/ NB MCC * 3463.4 * 0,0 % 3463,2 * D.C = 0.2
59 ADJ * 3463,2 » Ne0 =% 3457.6 * De0 * 5.5
60 wh o ® _3457.6 * Ne0 = 34%58.3 * DN ® 23 .
61 SLEW FNS CAPTURE ST % 34%55,3 % D0 % 345%5,2 * Nell % Net
62 NR FOS CAPTURE ST * 348% ,2 & Do % 3453,1 = Nell % 2.2
63 CONTINGENCY 17¢ . _*®  3453,1 % 00 % 3306,0 ¥ 147,11 x 0.0
AERRRNKS Pt Tl
TOTALS 85153,2 278.6
(
r TUG DELTA-V BUDGET
e _CONF1Ge CONCEPY N Q10AD= o . A . o —
_ 1-STG DEPL 1 P IN GFOS_ .
e e .. _ DY MAIN DY _APS e e e e
ke kxkk kg gk ki
1 ST THRUST * Lol % 0.0
6 PN .. 4236.0 * 0.0 L
10 MCC * DN =% 13,0
14 7101 * 3883.,% * 0.0
— 19 wmcc I X 0N % 12.0 R e e e
23 WM0OT * S848,0 % 0o
28 MCC * DM % 18,0
33 THRUST FFR PL. * Ny % 10,0 o
17  ToOI1 * 5839,0 % 0.0
42 MCC * Qe % 18.0
—_— &6 _POY. % 3B64." % 0.0 I
51 MCC - 0N * 12.0
58 CIRC * 4182.,n « D.0
59 _ADJ _ . - QN % 127
53 CONTINGENCY 1,7( * 473,5 * 0.0
SkEkkkkk sEERRk KR
— . YOTALS .. ... — e . 2832525 950 e
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TUG

WEIGHT HISTORY

CONF 1Ge

CONCEPT 9

1=STG DEPL 2 ©L IN GEOS

410AD- 2

WT BEF DLY PAY WY AFT PRO-MAIN PRO-APS
12333333 e o o o ek & K Rk gk& Kk A k%o ok ok K sk ok o ke kXK
1 ST THRUST ® 63721.0 % O % 637210 = Dol % 00
2 NB PFLEASE ST * 63721 .0 * NeQ %= 637219 * D0 = 0.0
3 wB X 63721.N =% DN % 63727,9 * neN % 0.9
4 SLEW IMU POI1 * 63720,9 % 00 % 63728 ,4 # Dol % 165
s N8 IMy POI * 63704.4 * DeN & 63774, * Neh * Gel
& PNt * 63704, * 0,0 % 431%52,7 * 20552,3 * 0,9
7 w8 * 43152,2 % 0N = 43151.9 = Ned = Oe1
8 SLEW MCC * 43151.,9 * 0es0 * A43146.3 * AN X Se6
Q NB MCC *  43146,3 % NeHh * 43146,3 * Ned * NaeD
19 wMCC % 4314643 * N0 = 43771,2 % De0 * 7Se1
11 w8 ® 43771.2 * NeN %= 43071 ,1 % Defh * Nel
12 SLEW My TOI ®  43971.1 * Ned *  43759,9 * Nel) % 112
13 NB IMU TOI 2 43059,9 % 0.0 * 43759,8 * N0 ¢ Dol
14 TO1 * 43N59.,R % 0 x 3I0130,2 * 12929,6 * 0N
1% FC PEACT £ MPS VENT % 3013n,2 * AN * 30N91,9 * NeNH * 0.9
16 w8 * ‘30091,9 * Ne *  3INN91,7 * NeD * C.3
17 SLEwW MCC ® 3N091,7 * 0.0 % 3N0A7.8 = 0.0 * 3.9
18 NB MCC ¥  30087.,8 * NeN %  3INDBTL.7 % 0,0 * 0.0
19 MCC % 30087,.,7 * Ned = 30039.4 % %0 * 48,3
2¢ w8 ® 30039.,4 ¢ 0e% * 30039,1 =* 0.0 % 0.3
21 SLEwW _IMy MmNt ®  IANIFL,L_* DN ®  37931,3 * AT AN ] 7.8
22 NB IMy wmMOT & 39931.3 0.0 * 3INNIL 2 % Ned * [ |
23 wNY * 33N31,2 % Ned X 175400 * 12491.3 % n.n
28 FC PEACT £ MPS VENT * 1754Nn,.0 % 0 * 17501,7 % N, % NN
25 WA ’ £ 17501.,7 * 0.0 % 17501.,6 = 0,0 % 0.1
26 SLEW MCC * 17501.6 * O« * 17499,3 % 0.0 %= 2.3
27 NB MCC £ 17499,3 = NeN ® 17209,3 * Dol * N0
28 McCC * 17499,3 * NN * 17457,.1 = NDeO % 42,1
29 w8 ® 17457.1 * CeD & 17457:1 =x LIPS 0.1
36 SLEw _DEPLOY ®  17457.1 * DN % 17454,8 * 1.2 % 2.3
31 N8 DEPLOY * 174%4,8 * NN %= 17454,7 % 0.0 * 0.1
32 OROP PL 1 & 174%58,7 * =211C.8 % 15343,9 * Ne® * 0.0
33 THRUST FP PL % 153473,90 * N ® 15323,4 * N.0 % 20.5
34 w8 , * 15323,4 % AN & 15321,9 % Dl % 1.5
38 SLEW IMU POI * 15321,7 #* DN % 15321.0 * NeC % Ne8
36 NS IMU P01 x5 15321,9 % O ®  15321,0 * Vo0 * €0
37 eOt * 15321.,% * Ol x 15373.6 % 247,33 * 0.0
38 wB ® 1S5073.6 * Q) * 1537201 % Del = 3.5
X9 SLFEW _ADJ £ 1507%,1 % Ne0 * 152609,7 * NeO * C.4
an NB ADY ® 15969.,7 * 0.0 % 15°60,6 % Ne® * 0N
a1 APOGEE ADJY 2 15769.6 % Ne) % 15067.6 * N0 * 2.0
42 WA 2 15N67.6 * N %  15064,1 * Do % 3.5
43 SLEW ADJ * 15%64.,1 % 00 ® 1SN63,7 * Ce * 0.4
44 NB ADJ % 15263,7 * O % 150637 * Jel % 0.0
4% PHASE ADY * 15063.,7 * D %  15163,7 & Ne? * Ce0
486 wh ® 15763,7 * CeN * 157°58,4 = NN * Se?2
&7 SLEW MCC ® 1505R.,4 % Ny & I15NS3,0 * Nel} % Ced
48 NR MCC 8 _15NnS58,0 * O % 15059,0 ¥ - ] 2.0
49 MCC & 1570%8,) * NeN) & 15058.0 % D,0 = De0
s0 WwAh £ 159580 % £.N % 15056, % N.0 % 1.7
®x{ SLEW _IMy mOTY 5 _15n86,7 & Qe & 15055,% % N, % ne8
€2 NR IMU MO1T ¥ 15°55,5 % O & 15N155.,4 * Neft % 0.0
53 wmnt ¢ 15085.,4 = N0 & 14812,3 % 28341 * N
sa w8 * 14812.,3 = e % 14312,3 = * 00

Ne0




5% SLEW CORR * 14R12.3 % 0.0 * 14811.9 * NeN = feb
56 NB CORR * 14811,9 Deh = 14811,8 % Ne™ % nal
57 _CORRECT ~ X 148118 * Q.0 % 14809.9 % Da0 % 220
58 wa *  14809,9 % DeO * 14809.8 x NeN = 0.0
. %9 SLEW DEPLOY * 14809.8 % G0 & 148BN9,4 % Qe * LY
.80 NB DEPLQY * 148094 % 2 0,0 % 14809.,4 & D = _0e)
61 NDROP B 2 X 14809,4 ¥ =2110.8 * 12698,6 % LI A %)
&2 THRUST FR PL * 12698,6 % N &  12681,6 * N0 * 1740
63 W . % 12681.6 k. 0.0 % 126T7S5.4 % _ . N0 *x _ Fa?
64 SLEW 1Mu YOI A 12675.4 % 000 & 12674,7 * D % Ne?
5% NA IMU TOT? X 12678,7 % 0.0 2 12674,4 % Do * Oe2
—68 TNy ek 126T8.8 % 0.0 % T40B.T ¥ S5265.7 % . . 0.0
A7 FC REACT £ MPS VENT % 7408,7 % DN % 737%.5 % Al o)
A8 W8 * 737N .S % 0.0 % 736R.8B * fel) % 1.7
B9 SLEW MCC e X 736858 % 0 Qe kX 7368.6 * 0 N7 %X Ce2
78 NR MCC * 7368,6 % 0.0 * 7368.,5 * NeN % Nel
71 MCC * 7368.5 * DN * 735C.7 * NeBl * 177
SN & A | - N - % T3S0 NT kX . D0 * 7349.1 % Nl % . 1e7 .
73 SLEW IMU POT * 7349,1 =% N.0 % 734R,7 * Dl % Ne 8
74 NA PNIY * 7348,7 % Dol % 7348,5 * Gelt % 02
.75 PN . - e K T7348,5 % D) % 5150,9 % 21975 % AR
76 FC PEACT & MPS VENT =% 5150.,9 * 0.0 = 5112.7 * Nt *x n,0
77 w8 * 5112.7 * N % 5101.8 % Ve % 10.8
.. .78 _ SLEW MCC . % 51018 % . L0 * _SB101,7 »x _ Dal * S |
7Q NB "CC * q‘?lo? * ﬂ».L‘ L 5101-6 * ".r.' * '-"-1
3r  MCC * 5101.6 % Cef % 5093,4 % e % Ae2
.. .8y wB__ i 57934 & = 00 % S5092,1 % D2 * _ __1e2
82 SLFW IMy cIec * S092.,1 % 0.0 * 5191 ,9 * Pehh % D,
R3 NB CIRC * 5091 .9 * 0e0 * §691,6 % Do % 243
—— .84 _ _CIRC_ __ . _. . 2k BN91.6 % 0.0 % _3866.1 ®  1625,5 % _De0
85 wR * 3466.1 * 0.0 =% 3365.5 % P 0.5
| 86 SLEW MCC * 3465,.6 * Cen = 465,55 * Tl % [P |
‘ .._-.. 87 _NB MCC k¥ 3865,.5 Xk QN % 3465,F k =0 DN % _ Na2.
A8 ADJ * 3465.3 % 0.0 % 3459,7 * 2.9 = Se6
R9 w8 * 3459,7 * QN = 3457 .4 % Nel =% 2¢3
. ..90  SLEW FOS_CAPTURE ST & _ 34%57.4 % Q.M *  3457,3 *%__ fad * .. 0.1
21 NB CAPTURF * 345763 % Qe * 3455,1 =*» Nl % 2e¢2
Q92 CONTINGENCY ¥ ,7( * 3455.1 x NPT 3I06.1 * 149.) * L.
e _ e _ kkhkkkkk  kkkkkkkk
TOTALS S5701.4 338.8




——__CONFIGe CONCEPT 0 410AD->_

1-STG DEPL 2

TUG DELTA=-V BUDGET

PL. IN GEOS

DV_MAIN OV _APS
AERRkR KR 2 ok e ok
1 ST THRUST * N0 % n.0
6 P01 *X  4236.,0 % 2.0 . e
10 MCC * 0.0 * 13.0
14 TO1 *  3883.0 % 0.0
19 MCC * 0e0 % 12.0
23  MOT *  5848.90 % 0.0
28 MCC * Ne * 18.0
32 THRUST FR PL * D0 % 10,7
37 POT * 177.0 % 0.0
41 APDOGEE ADJ * 0.0 * 1.0
53 MOl . * 1770 % 0,0
57 CORPECT * N % 19
62 THRUST FR PL * 0N % 10.0
66 TO1 % 5839,0 % 0.0
71 wMCC * 0.0 % 18.0
7%  POI % 3868.0 * 0.9
80 MCC * 0.0 % 12,9
84 CIRC *  4182.,0 % NN
A8 ADJ * 9.0 % 12.0
92 CONTINGENCY 1,7( * 479.5 * 0.0
Ty R KRR
TOTALS 28685.5 1C7.0

PAGE G.3- 47




. ___1=STG DEPL 1 PL-AKS IN_GEQS.

CONFIGe CONCEPT 0

OB NRA PN

!

.. 54

't 1o 3
- )

By

~t
3 ]

o
0

2¢

a7

a9
5C

.81

32
$3

5%

ST THRUST

b bl B
N> o w

_48_ _wA_

.ADJ

NB RELFASE ST

. w8

SLEW IMU POIT
NB TMU P01

_POT . e
FC FEACT £ MPS VENT

wR

SLEW MCC
NB MCC
MCC

w8

SLEW IMU TNT
NR IMU TOT

. Tort

FC RFACT & MPS VENT
w8

SLEW MCC

NB MCC

MCC

.wa

SLEW DEPLOY
N8 DEPLOY
DROP DL 1=AKS
THRUST £P OL 1
wR

SLEW IMU TOf
NB TMU TOT

TO1

FC PEACT £ MPS VENT
wa

SLTW MCC

NB wMCC

McC

w8

_SLEW IMU POT

NB MU 201
POT

.FC PEACT £ MBS VENT

wa

SLEW MCC

... NB_MCC

MCC
wR

_ _SLEW IMy CIRC

NB IMU CIRC
CIRC

SLEW ADJ -
NR ADJ

wa T

SLEW ENS CAPTURE ST
NB CAPTUPE =
CONTINGENCY 1.7(

H
i
i

!auniwn* *in * ®

R BR R R R R R R R R RN RN L3R IR 2 IR SN I IR I N RN NN AN W )

a10aD- 2

TUG WEIGHT HISTORY

WT AFT

WY BEF DLY PAY
Riiiiitll ERp kLY RREEER kg
63721.,0 %= Q) % 63721 .0
A3721.0 % Neht % 6372%.9
6372049 ® 0,0 % 63720,9
637209 * 0.0 ® 63704,4
63704 ,4 % N0 % 63704,3
. 63708,3 * 00 * 43319,0
43319,n = Dl * 43307,.,0
43307,0 % Coe00 % 433K, 9
433N06,9 % e % 4330143
43301.3 =% 0O * 433001.2
43301,2 * Ne) % 43225,9
432259 % . DN _* 43225.8
43225,.,8 * Ne =% 43214,56
43214,6 % LaIPS SR 43214,5
43218,5 % C.n % 30358.?
3035R.2 * DO =% 31 246,.?
3234642 = 0.0 * 30346.C
20346,7 * 00 * 37332,"
3IN3T42,H % N % 30342,
30342,0 = Q¢ % 37293,13
2029343 & A0 % 37293,0
3N293.0 * N0 & JO2A9,%
302689.,1 % D0 &« 30289,0
30289.0 * —22795,0 % _7494,0
7404 ,0 % Ceff % 7483,9
7483,9 % O8N x 7474 .9
7474,9 * 00 % 7474,.5S
7474 ,.,5 * 0«0 = 7474,1
Ta74,1 * Qe % 7059.3
7059,3 % NeN = 7047.3
7747.,3 % N0 x 745,77
T085.7 *% Co0 = NAS .S
7h85.5 0.0 % 7nas.a
TNAS .4 % NeD * 7043,5
T043,5 = 0.0 % 7C641.,9
7041.9 * 0«0 % 7D41.5
7041,5 % Ned % 7NAl L1
Th41.1 * 0.0 = 5N02.2
_5002.,2 % 00 *  4990.2
4990,2 % DD * 4988,48
4988,4 = 0,0 % 4988,2
LA9RB.2 % 0.0 ¥  4988.1
A4988,1 =* DN % A9AL 7
49AR0,7 * N0 * 4978.9
4978,9 % N0 % 497846
4978,6 % De0 = 497R.3
4978,3 * NDeD = 3403,.4
..3803,4 & 0.0 *  3492.9
349%2,9 % DN = 34N02,.8
3402,8 * Ne * 3402.6
_ 3an2,6 % n.n + 339741
3397.,1 = DN = 3394,.,5
3304,6 % O % 3394.5
-.3394,5 % 0.0 % 3392,3
3392,3 * 0.0 % 3305,9
Rrat Q.B' L7

PRO-MATIN

t

!

*:* LA AL A AL B0 B B 2N I?* IR M EE NN EREENRENIENNEEEERERENE RN Y  E P EEE ]

. 2038543

Oe0
[y Py
URATYY +
Ned
NeN

NeD
Nal
Laf
0.0
Den
Dyl
AN
LY o)
12R56,3
NN
Ne0
neD
o0
" on
Teh
D0
NDe0
a0
[+ 3P%s )
ﬂ.o

ﬂ.ﬁ

Ne0
414,8
Ne0
M.,C
0"
Lo
D0
Ne0
7.0
Neh
2N33,9
Sel
LAl of
Dl
N0
Neli
AN
el
R0
1575.0
Lol

i

|

koK
.37356.8

. BEREEEER

i

PR AR AR B I R B L AR FL AR 2R 2R 20 2k BE Ak BN N IR BT B IR BE B 2 BE IR R R BRI BE BE K R 2R AR 2R BE BE BE BE R BT IR B I B * * * %

PRO=-APS
L2t L. Ll S
DD
NN
Ded
165
0l
. Rel
c.0
AP |
506 .

00
753

Dol
11.2

Nel

NN
Ce?2
3,9
48,7
ﬁ,}h
3.9
0.1
NeD
1CeN

D0

H * .
W DW= DO 0 eip O™

i
i
{
)

i
i
[
i

!

i®

1
i

ND DD O N0 e i D

s o
i
i
'

)
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le

2= I » kv |

I
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- m[m N =

]
: |
NO DD
o o o le o
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‘
1

NN
K ngk ks

... 2153



TUG DELTA=-V BUDGET

— _CONFIGe CONCEPT O _&410AD-2

1-STG DEPL 1 PL=AKS IN GEOS S S -
DV_MAIN DN__APS I
2k ko ok ok ok % ok & ok ok Xk &k X
1 ST THRUST * Nen % 0.0
6 __POI ¥ 4198.0 =% 0.0
11 MCC * 0.0 % 1340
158 ToI1 * 3840.0 =* 0.0
20  MCC * DN * 12.0 - SR
29 THRUST FR P 1 * 0ed = 10,0
29 T0I1 * 6210 * 9.0
34 MCC * N = 2e0 .
38 PO1 * 3718.0 * 0.0
43 MCC * e % 11,0
47 CIRC * 417560 % . 0.0
51 ADJ * DeO % 12.0
85 CONT INGENCY 1,.7¢( * 2807 * Ne0
KExkkkkkk  kkkkkkkk 000000000 i,
TOTALS 16789,.,7 60.0
PAGE 6.3~ 4




. PAGE 6.3~ 50 ,

TUG WEIGHT HISTORY

CONF1Ge CONCEPT 0 410AD=-2

§~STG DEPL 2 PL-AKS IN GEQS

WT REF PLT PAY WT AFT PRO=-MAIN PRO-APS
Kk ghRk®kE ok okok k& & L 223353 %] e o 3 ok ok k& o s o o e K ok %k
"1 ST THRUST % 63721.0 % 0.0 * 63721.0 % 7.0 * 0.9
2 NB RELEASE ST * 63721.9 * De0 % 63720,9 * Dol % 0.9
3 w8 *  6372N.9 * A0 %  AKI720,9 * Nl % 0.0
a4 SLEW My POI * 63720,9 % D * 637NA.4 * Neh & 16.5
s N8B IMU POI &£ 63708.4 % D0 % 63704,3 * 2.0 * Oet
6 PO1 * 6£3704.,3 * NeN % A43319,N % 20385,3 * DN
7 FC REACT € MPS VENT % 43319.,0 * Dol % 43207,0 = Bed % 0.0
8 wB % 43297.0 * Do) * 483296,9 * Ce0 * Ol
9 SLEW MCC % 43206.9 #% N." % 43291.,3 * AN X Se5
10 NB MCC £ 43291,3 % CeN * 43291,3 Ne0 * 0.0
11 mCC *  43291.3 * Oeh % 43221,7 * 2eN * 6945
12 _ws * _43221,7 * Oaf % 43221,6 % N0 * 0.1
13 SLEW IMU TOI *  43221,6 * Dol * 4321044 * Ne0 11.2
14 N8 IMU TOT % 43210.4 * Ceh % 43210,3 * 0.9 % Ot
1S 101 *  43217,3 * 0.0 * 37355,3 & 12855,1 * L)
16 FC PEACT £ MPS VENT #* 30355,3 % 0s0 * 39333,3 *% NN ® 0.0
17 wR £ 31333,3 % Cel % 30333,0 * DD % Oe2
18 SLEW M™MCC &£ 30333,0 * CoN % 301329,1 * Nel * 3.9
. . 19 NB MCC * 39329.1 * 0.0 & 37329,1 = 2.0 * 0.0
. 2n  MCC * 30329.1 * 0.0 % 3028BN0.,4 = Neh) % 48,7
21 we * 311283 ,4 % 043 % 30280,1 % Ned % 2.2
22 SLEW DEPLNY ®x 30280,.1 * Oe * 3I01276,2 = Nen & 3.9
23 NB DEPLOY £ 31276.2 * NN & 3IN27641 * 0.0 * 0.1
24 _DROP P 1-AKS % _IN2T76.1 % =10682,6 % 19593,5 * N0 % 0.0
2% THRUST FR PL 1 * 19593.5 * NeO * 19567.3 % DeD * 2642
26 wa * 19567.3 * DN * 1956641 * N0 % 1.2
27 SLEwW IMu PO1 % 1956641 * 0,0 * 19565,) =% NeD * 1.1
28 NB IMU POl * 19565.0 % 0 % 19564.9 =% Ben *x 0.1
20 P01 ® 19568,9 % Ao *  19311.1 * 253.8 % 0.0
30 wh & __19311,1 = 0.0 & 19306.6_ = 9.0 % 4,5
31 SLEW IMU MOI & 1930646 *% O = 19305.6 * Dehh * 1.0
32 N9 IMU MO!I % 19305.6 * 0.0 % 19305,5 * Nel % 0.1
33 w~n1 % 193175,5 * N,0 *  19055,1 * 250,4 * a,n
34 w8 * 1995S5.1 * A * 190548,5 N0 = 0.5
35 SLEW ADJ * 19554,5 »* 0.0 & 19054.,0 * 20 % 0.5
368 N8B ADJ % 19254.,0 = 0,0 %  19054,0 * Na? * 0.0
37 ADJ % 19054,0 * Cof % 19751.,4 * 0.0 ® 2.6
38 w8 * 19951.4 * D00 * 1995),9 * Nel * Ce5
39 S| Ew DEDLOY % 19957,9 :: 0,0 & 19050,3 * 0,0 % 0,5
At N8 DEPLOY * 19780 ,3 * 00 * 19760 ,1 * 0.9 % 0.2
41 DOROP PL 2-AKS 2 1995%,1 % =12682,6 * 8367.6 * DN * Ned
__ 42 THOUST FF B 2 * _ 8367,6 * QN * 8356,3 * Nal % 1142
a3 wB % B8356.3 * NN q353,7 = Ne # 2.6
aa SLEw IMU TOI &  B8353,7 * CeN = 8353.3 * Do 0.5
4% NB [wy TOTY % A353,3 % AN * n353,1 * nN.O % De2
a6 TOI &  8353,1 * 0.0 691647 * 1436.4 #* [ )
a7 FC REACT £ MPS VENT % 6916,7 * D¢ % 6894,7 * 0.0 * 0n
4R WA *__ 6894,.7 * NN % 6994,6 % D0 * Oat
. a9 SLEW MCC £  6894,6 * Nen # 6804 .4 % N & 0.2
) S0 NB MCC &  6894,4 % N0 * 6894,3 % De * 0.1
sy _MCC * _£594,3 * 0.0 * 6R88,8 * W PLIE ) 5.5
%2 wB * 6888.,9 * 00 * 6888,7 % 0o ® Nel
53 SLEwW IMU PNDI *  6RRA,7 % 0o * 688R.3 = Nel = Ce.a
__Sa NB My _PQ0Y L 4 _6889,3 % N0 % __688R1 ¥ DD ¥ _ . XY




Ce.0

5% POl * 68RAR,1 % 0.0 % 5025,7 * 1862,4 =%
%6 FC PEACT € MPS VENT % 5025,7 = De0 = 5903.,7 * 0.0 = )
_87_ wMB_ . ....%__ _59703,7 % D0 * 5002,5 * _ .00 & 142
58 SLEW MCC * 5002,% N0 » 2002.4 * 0.0 x 0.1
59 NB MCC * 5002.4 * 0.0 = 5002.3 * 00 * 0.1
.80 MCC % _SO02.3 % = 0.0 % _4998.9 % 0.0 % _  _ Ta.4.
61 w8 * 4994,9 * NeD % 4993,7 * NDel * 1.2
A? SLFW IMU CIPC * 4993,7 & DD % 4993,5 =* Do % 0e3
563 _NB IMY CIRC = _* 4993,5 * N0 4993.,2 * N0 % . 0a3
64 CiInC . 4993,2 * 0,0 * 3413.5 % 1579.6 * Nen
5 wa * 341 3.8 = 00 = 3410.7 = Nel % 2.8
.86 _SLEW AD) . _ % __3410,7 * NeD * 341046 % _ Ll % Cel .
67 NB ADJ * 3410,6 * Ce % 381%,.,4 PN 0,2
A8  ADY ] 3410.4 % 0.0 % 3404,.9 x 0l * Se%

.69 wR e ¥ 38C4,9 % QN X 2AN2,1 X Q.0 % 2.8
7r SLEW £0S CAPTURE ST # 3402,1 = Ce0 = 3802,0 * RO % 0ol
71 NR CAPTURFE * 3402,0 * D.0 % 3399,8 * N0 % 2.2
—. 72  CONTINGENCY 17(_ % 3399,8 %k Q" %  33In5,8 % _ 94,0 * C.0e0
L2223 23 31 & o ok ok ok ok
TOTALS IBT71 7.0 244 .8
- TUG DELTA=V BUDGET
L3
. . CONFIGe CONCEPY © 410AD-2

———1=5TG DEPL 2 PL-AKS IN.GEOS .

——— DV MAIN OvV. APS .
SR &Kk kK kb RkEk
1 ST THRUST * N, % D0
—_—6_ POL %x  4]194,N x . QeC oL ,
11 MCC L DN = 12.0
15 7071 * 3840,9 % [ I ¢
—— .20 MCC . * NN % - 21240 .
25 THRUST FR PL 1 * Nt X% 10.,Nn
29 PN * 14240 * Q.0
32 MOT e . . 142,10 x [eJfXe) e
37 ADY *® Ded =% 1.0
42 THRUST FR PL ? * f.0 % 10,0
— .. 46 TOI k205240 * SN 4 X o S
S1 MCC * NeNH =% SN
55 PoOI * 3428,0 * e
60 _MCC . %®___ Cen % 11,0 — N I —
64 CIRC * 4136,0 * 0.0
AR ADJY * el % 12.0
e T2 _CONTINGENCY 1,7¢ % . 304,99 % R0 _ SO
ek k kkkhkkkk
TOTALS 18238,9 74,0

PAGE [,3- 11




. \'_s

PAGE 6.3~ 52

TUG WEIGHT HMISTORY

CONFIGe CONCEPT N &10AD=-2

1=-STG RETR 1| Pt [N GENS

wT BEF DLT PAY WT AFT PRO=-MAIN PRO-APS
N Sk hEk k& 2 ok ko ok ok %k ok sk kk® el kg ok & ok k% % k&
't ST THRUST ® 63721.0 % 0,0 % 6372140 * 0.0 * 0.0
2 NB RELEASE ST £ 63721.0 % Ce® * 63721,0 # D0 = 0.0
3 w8 % 63721,0 * Ne %  63720.9 * DN ¥ 0N
‘A& SLEW IMy P01 ®x  6372N,9 % "N * 63704.,4 % 0.0 = 16.5
s NB IMU POI * £3708.4 * 0,0 * 637048.,3 % 0.0 # Oe1
6 PDY % _63704,3 % DN % 43152,0 %  208552,3 * 0e0
? FC REACT € MPS VENT % 43152.0 * DN % 43131,5 % NDe #* 09
8 wB ® 43131,.5 * O = 43131,4 * D0 * 0.1
Q SLEW MCC *  43131.4 % CeN * 43125,8 % Ne® * S+ 6
10 NB MCC * A43125.8 % 0.0 * 473125,8 % Deft = 0.0
11 wcC * A43125.8 % NeD % A4INSE,S * DD * 6943
12 wB ®  43056,5 * 0.0 % A4INSE,4 % 0.0 = Oa1
13 SLEW IMU TOI * 43956.4 % 0.0 * 43N485,2 * 0.0 %= 11.2
14 N8B IMU TOI % 43045.2 * D0t * A43N45,1 x 0,0 % 0.1
1s _TOY ® _ _43745,1 * 0,0 * 31n119.9 * 12925,2 * 049
16 FC REACT £ MPS VENT * 39119.9 % 0o * 301799.4 * 0,0 * 0.0
17 w8 x 3I0099,4 % 0ol % 3IIN99,2 * 0.0 * 0.3
18 SLEW MCC & 30099,2 * Do & 3I6095,2 # DaD 3.9
19 NB MCC * 30095,2 % 0s0 % 37N05,2 % 0.0 * 0.0
20 wMCC % 3009S5,2 = Neh %= 300509 * De0 * aa.3
2] __wB &£ __3NN§N,9 * Ne0 & 3ICISPLT7 = NeD = 0.3
22 SLEW IMU MOT ® 30N50.7 * 0eN & 3INNA2,9 * 00 % 7.8
23 NB My ™MOI * 30042.9 % D.0 % 30042,7 * 0.0 * Cet
24 w01 % 3ANAD .7 % 0aN % 17546,.7 &% 1249640 & = 00
25 w8 ® 17546.7 * 0.0 ®* 1754646 # D0 * C.t
26 SLEW TRACK * 17545.,6 * CeD * 17535,2 = Def) * 11.4
27 N8B TEACK *  17535,2 * 0.0 %  17533,4 % Deh * 1.8
28 7TP1 £ 17533.4 = 0.0 = 17485,.1 = 48,3 * 0.0
29 SLEW TRACK x 17485, * Qe = 17473.8 # Dol % 11.3
an NB TEACK & _17473.,8 * 0,0 * 17472,6 * DD * 12
31 MCC ® 17472.6 = Oe % 17847204 * 00 % 0.2
32 SLEW TRACK * 17472.4 % CeC %= 17461.0 %= 0.0 * 11.3
3T NB TRACK X 17461.0 % NeN % 17458,9 % DN * 21
38 TPF * 17458,9 *% O % 17377.2 * 0.0 * 81.7
35 SLEW DOCK * 17377.2 = Do ®x 17354,7 * Ce * 22.5
36 _N® DOCK £ 17354,7 = 0.0 & 17353,0 *% 0.0 = 1.7
37 DOCK PL 1 £ 17353,.0 x Ce0 x 17338,4 = 0.0 * 18.6
38 ADD PL 1 * 17334,4 * 1574.0 * 13908,4 * Do * C.N
39 wn % 1897R8.,8 % N *  189N6,4 * Neh % 2,0
4% SLEW IMU YOI ® 18906.,4 % BN % $18001,5 = "0 * 4.9
a1 NB I1MU TOI * 189N1,5 % D0 %= 18901.4 = 0.0 * 0.1
a2 To1 * 19901,4 % O™ % 1104846 % 7852,8 % 0.0
432 FC PEACT £ MPS VENT % 11048.6 * NDel & 11N28,1 = 0e0 * 0.9
44 w8 ® 1102R,1 * 0ef) ® 11027.,4 * Do * 0.8
4% SLEW MCC % 11027.,4_ % AN *  11025,9 = 00 * 1.8
46 NB MCC & 11025.,9 * Cel * 11025,9 * Nl % 0.9
a7 MCC * 111259 * N % 109693 % e = 2646
&8 w8 %_10999,3 * 0.0 % 17998,5 = 0.0 * 0.9
a9 SLEW IMU P01 & 1%098,5 0.0 * 10995,7 =% Ced * 2.9
50 NB MU PNY x 10995.7 * Mo % 10005,5 = NeN 2 C.1
51 POt ®__10995,5 * n,0 = 770723 % 3288,2 % 0.0
€2 FC FEACT £ MPS VENTY # 77773 * 0.0 » T76R6.8 * 040 = a0
51 w8 * 758648 =% 0N % 7686.3 % 0.0 =% 0.5
%4 SLEW_MCC . * 7586e1 % DN ®  7685,3 % 0,0 % 2 1.0

I




58 NR MCC * 76A5,3 = 0.0 = T7688,2 * D¢ % Oel
56 MCC . 76A%,2 % N0 % T672.9 * 0o % 12.3
: ST M8 % _T7672,9 % 0,0 % __ 7672.4 % Qe % 2.5
f' %8 SLEW IMU CIRC » T672.4 *® 0.0 * T7670.4 * 0.0 * 2.0
3 S9 NB IMU CIRC * TETO 4 * 0.0 % T7670.2 * Ne = Net
_ft CIRC _ . B _T6TD2 & D0 ¥ B221,5 %k _2448,7 * _ 0.0
51 we * 52215 % NN %k 52213 % NeN %k Ne?2
AP SLFwW ADJ * 5221,3 * Ne * 5220 ,6 * Den % ~,7
63 NB ADJS e X 8227,6 % 0,0 % _S220,5 & 00 NN x Qa1
64 ADJ * 5220,% & 0.0 =% 5212.,1 = 0.7 * 8.4
63 WA x $212,1 = 0.0 = $211.0 * Ne % 1e1
.66 SILEW ENS CAPTURE ST &  5211,0N % __ 0,0 = 52104 % DN x Da7? .
57 NB CAPTURE * 5210 .4 % ND,0 % 5209,.,3 * DeN % 1.0
AR  CONTINGENCY 1 .47( & 5200,3 * 0.6 % 4987.2 * 222.,2 % nen
e e e e e . REEREERK R ERREEK
TOTALS 59833,7 392.9
» . TUG DELTA=V AUDGET
@ -
i .. . CONF1Ge CONCEPT 0 410AD~2 .  __ ) R
1=STG RETR 1_PL _IN GEOS R
R R R QY MAIN = DV _APS _ T
e o 3k o o o ko t 22 2+ 333
1 ST THRUST * Cof x fe0
—— 6 __PNY_ e e % 4236,0 % DN I e
11 mCce & Ned % 12,0
18 Tn1 * 3883,0 * 0.0
——_20  MCC - . L R LY'S + IS SO % 'Y e
24 wmDT * 5848," * Oun
28  TPI * 37,0 % 0.0
31 McC ... NeD = Nel . o
34 TPF * BN = 3S5.0
37 NOCK P 1 * Oetsr * 8N
—. 2 _TOY — . X 58390 x 0.0 . . e e
a7 MCC * 0.0 % 18,0
s1 POt * 3364,0 * 0.0
$6 MmMcC = NN & 12,0 . L o
60 CIRC * 4182,0 » 00
64 ADJ * ‘Oen % 12.0
— 63 CONTINGENCY 147( _ %2 _ 478,90 * C.0 —_ R R
L2 22 2 3 % 3 ke kg kK
. TOTALS 283%56,0 108,1
PAGE 6.3= 53



PAGE 6.3- 5k

TUG WEIGHT HISTORY

CONF1Ge CONCEPT 0O 410AD~ 2

1-STG FETR 1 PL-OKS IN GEOQS

wT BEF DLT PAY WT AFT PRO-MA TN PRO=-APS
1 33332131 hkkkk® kg ek kE xkkkkkkE o o ko o o okok
1 ST THRUST £ 637210 * 0.0 * 6372140 * N4 % 0.2
2 NB RELEASE ST ® 63721.0 * 0«0 * 6372%.9 * 0.0 * 5.0
3 wA * 6372049 * NN % 637209 * Nl & Cel
4 SLEW IMU POI % 63720.9 * NeD & 63704.4 % N % 16.5
S NB My PN01Y % 63704.4 % D¢ * 63708,3 * CeN * el
6 P01l % 63704,3 % Do %  43319,0 % 20385,3 * Cot
7 FC REACT € MPS VENT * 43319.9 * 0.0 % 43301.0 * D0 % N0
8 wB % 43301,.0 * DN %= A433I00,9 % 0.0 * 0.1
9 SLEW _MCC ®  A4339N,9 % AN *  A43295,3 % Ao % 5,6
106 NB MCC ® 4329%,3 = Ve * 473295,2 % 0N * n.n
11 MCC * 43295,2 * D¢ * A43225,7 NeC * 69.5
12 w8 X 43225,7 * NN % 43225,6 % N0 %= Oa1
13 SLEW IMU TO! ® 43225.6 % 0«0 * 43214,4 * De0 * 11.2
14 NB IMU TNI ® 43214,4 * NN %= 432148,3 * DeN * Cel
15 _TOY *  43214,3 * Ne" % 13IN3I53,1 % 12956,2 = n.n
16 FC REACYT € MPS VFENT & 31358,1 % 0e0 * 30340.1 % 00 = 0.0
17 w8 & 30340.,1 *x NN % 3734N.,0 % 0.0 = a.1
18 _SLEW MCC ®__30340,0 * 0e% %  31336,0 * 0.0 = 3,9
19 NB MCC * 30336.,0 % 0e0 * 3033640 = 0.0 * 0.2
29 wcCC & 30336.0 * NeN * 30287.3 * NN = a8.7
21 wn ® 30287,3 % N0 %  IN28T7,2 * DD % De1
22 - SLFW IMU HO! & 37287.,2 % Dol ® 3IN279,3 * Do * 7.9
23 NS MU HOI * 3I7279,3 = Nel * 3I0279,3 % NN % N,
24 __HNI *  37279,.3 = 0,0 % 37238,8 =* 0.0 % 40,5 _
25 w8 * 30238.8 % Ned * 2IN238,7 * Ce0 % 0.1
26 SLEW TRACK % 30238.7 = NeH %  3IN219.1 % De? % 19.6
27 _NR_TPACK *_ 3In210,1 * D0 %  3IN214,6 % 0,0 % 4,5
28 TPl £ 3%214.,5 Ne® * IN131,4 * 83.2 * Ned
29 SLEW TRACK * 30i3i.6 % 0.0 * IN111.8 = NeD * 19.5
3% _NB TPACK & 310111.8 * 0,0 *  3IN119,3 = 0.0 * 1.5
31  WMCC 2 375110,3 »* 0e %= 301N9,9 * NeO * Oe8
32 SLEW TRACK % 35109,9 * 2,0 * 30790.4 De0 * 19.5
33 NA TRACK % _30%0",4 % NN %  3I0AB8,0 % NN & 145
38 TPF % 37%88.9 = NeN %= 29948,1 = 0.0 * 140,9
35 wa *x 2994AR,1 = Qe = 29947.8 % NeN % Ce3
36 SLEW DOCK % __29947.8 %= D0 * 29979.0 * NN & 38.9
37 NB DOCK ® 29909.,0 * NeP % 29908,8 = Nl * Nne2
38 DOOCK PL 1-DKS & 29978,8 * 0D % 2987648 * Do) * 32,9
‘39 AND P 1-DKS ®X__29876.B % 16223,4 % 46200 ,2 % PR ] Q.7
anp  ws * A620N,2 = De0 * 462003 * Do * Oet
41 wB ® 46200.1 * 0.0 * 4K199,9 * NehY % Ne2
42 SIEw IMy TOT ®  _46199,9 * CeD ®  86187,9 * Do & 12.7
43 N8B IMU TOT * 4KA187.9 = OeN * 45187.9 = Ded % Ce.0
aa TOI * 46187.9 * Ol %= AIT4N6 * 4847,3 « 0.9
4% FC PEACT € MPS VENT # 4174C,6 * Qe % 41722,6 % NeQ % (Ji
46 w8 * A1722.,6 * O« & 81722.6 % Dol & oD
47 SLEW MCC % 41722.6 % De0 %= 817172 * Qe * Se 4
48 NB MCC * 41717.2 * Oed * 417172 * Deh % nen
.49 MCC * 417172 * NN = Q170N % Ne0 %= 168
s7 w8 * &41700,4 = 0.0 £ 41700,48 * Ne & CoN
51 __SLEW IMY PNJI ®_ A TN ,4A % Ne" &  81689,6_ % N0 = 10.8
S2 NB IMy POIL ® 41689,6 * NeN % AYBAQ,S & D0 % fol
53 POT ® 41689,5 % De0 ® 2078141 * 11908.3 % 0D
* * _ Qe % 20763, % 0,0 % GO _

.58 FC FEACT £ MPS VENT % _2078]1,1 A




855 wWR * 29763,1 = 00 =% 29763,0 =% NN % Ne1
56 SLEW MCC * 29763.Nn = N0 % 29789.,1 % NeN % 3.9
57 _ NB_MCC ——— ®__297%9,1 * Co % 2975901 * %0 %x_ 0.0 _
58 MCC * 29789,1 = N.O = 29711 .3 = NeN % 47,8
59 w8 * 29711 .3 = 0.0 %= 2972112 * 0.0 % 0.1
.60  SLEW IMU CIRC == _ % 29711.2 % 0.0 % _ 29703.5 % N0 % Te7
51 NR IMU CIRC * 297N"3 5 % 00 = 29703,4 % NDeM * Q.1
6?2 CIRC * 29702 ,4 % Q¢ % 2N31%6.3 * 93970 =% D0
B2 W’ _ % _20396,3 * 00 % 20306,7 %k _Nel % L. Deb6
6A SLEW ADJ * 20305,7 * 00 = 20303.,1 =» Ned =% 26
65 NB ADJ *® 20303,1 = 0,0 = 20313 .N %= Ne) % 0.0
.86 _ADJ e 2030340 % 0,0 % 202708 * D" X 32,6
AT we b d 23270.4 = Coe x 2N269.8 * Nel % Ne6
68 SLEW FOS CAPTURFE ST * 2N269,8 * Do % 2N2K7:2 % N % 2¢6
. B9 NB CAPTURE | % 2N267.2 *x .0 % 2026649 * Ne % 03
e CONTING“NCV lo7( * 20266.,9 % 0.0 % 19736.7 = %3“ 2 * QN
EhkkkR gk ke kkk k&K
_TOTALS - e e e e+ - .59607,7 62800 .
= TUG DELTA-V BUDGET
L4
. CONFIGe CONCEPY O M1QAD=2 - R - - -
1=STG RETF 1 PL-DKS IN GEOS _ . __ . e - - S
e e e e .DV_MAIN _DV APS e e I
ek kb kk kkkkekks
1 ST THPUST * AN % Neh
——.B PO % 8194,9 ) . -
11 MCC * 00 = 12.0
15 T7Tnl * 3842 .0 % NeD
— 20 MCC i % 00 ®  12a0 e
24 HN T * Ne % 10.2
28 rer x 30,0 % 0.0
1 MCC e NeN % N,1 e
34 TOF * Do % 35.0
3R DOCK PL 1-DKS * Ne0 %= 8,0
——As_YOY % 11010 % el o
49 MCC * Ned % TN
53 PNI * 3658, % NGO
S8 MCC % %N % 128
62 CIRC * 41 36,0 % 0.0
686 ADJ * 0,0 %= 12.0
70 CONT INGENCY 1,47¢( L 288,3 % N0 -
okok kg kK Rk kkkkk
TOTALS 17247,3 14,1
2'-’,”\ JC: \' . 3' SS




PAGE 6.3~ 5B

10G WEIGHI HISTORY

CONFIG. CCNCEET :

410Ar-2

1-STG CEFL 1 PL INTO GECS, RETR 1 Fl

WT BEF DI1 EAY WT AFT EFO-MAIN PRO-APS
L 2 REERE T L EEREE R R kokkkkgk Aok ok e ok ok L2 2 222 2]
1 ST TERUSI * 63721.0 * 0.0 * 63721, 0 * 0.0 * 0.0
2 NB REIBASE ST * 63721.0 ¢ 0.0 * 63721,0 = 0.0 * 0.0
3 WE * 6£3721.0 = 0.0 * 63720.9 * 0.0 » - 0.0
T~ & SLEW INU POI % 6372C.5 * 0.0 ¥ 63704.4 + 0.0 # 16.5
S NB IFC ECI % 637C4.4 » 0.0 * 63704,3 = 0.0 =» 0.1
6 ECI * 6£3704.,3 % 0.0 * 43152.0 * 20552.3 * 0.0
7 FC FEDCT & MPS VENT ¥ G31c52,(0 «* 0.0 * 43115,0 7 70,0 » 0.0
€ B * 43115,0 » 0.0 * 43114,9 = 0.0 * 0.1
§ SIES PCC * 43114,9 » 0.0 * 43106.3 = C.0 * 5.6
10 NE HCC ¥ qITCE. T # V.0 & 43109, 3 + C.0 # 0.0
11 #cc ¥ 431C5,3 » 0.0 * 43034,3 = 0.0 =* 75.0
12 S§E * 43034,3 * 0.0 » 43034,2 » 0.0 #* 0.1
T3 SLEW 1IN0 TOI % 43034.,2 % 0.0 % 43023,0 # 0.0 # T1.277
14 NB IPC 1CI * 43023,0 » 0.0 = 43022,9 = 0.0 * 0.1
15 701 * 43022,9 = 0.0 * 30104,4 » 12618,6 * 0.0
. . 067,04 % 0.0 * 0.0
17 &B * 300€7.4 * 0.0 * 30067.,1 * 0.0 * 0.3
1€ SLE% MCC * 30067.1 * 0.0 * 30063.2 * 0.0 » 3.9
19 B8E MCC ¥ J00¢€3,2 * 0.0 % 30063.,2° % 0.0 #% 0.0
2C #ncc * 30063,2 * 0.0 * 30014,9 = 0.0 = 48.3
21 B * 30014,9 » 0.0 * 30014.6 = 0.0 = 0.3
— 22 SLIW IHU WOT ¥ J00T4.5 * 0.0 ¥ 30006.8° % 0.0 ¥ 7.8
23 NB IPC NMCI * 30006.,8 * 0.0 * 30006.,7 = 0.0 = 0.1
24 Mol ’ * 30006,7 = 0.0 * 17525,6 = 12481,1 * 0.0
2% WE ¥ 17525.6 ¥ 0.0 % 17523.,5 % 0.0 # 2.1
2€ SIEW ADJ *  17523.5 # 0.0 * 17516.,7 * 0.0 = 6.8
27 NE ALJ *  1751€,7 * 0.0 * 17516.6 * C.C » 0.1
2 ADJ AFY EEF KCD ¥ 1T5T6.6 ¥ 0.0 % T7474,4 % 0.0 * 2.2
2% WuB * 1T4T74,4 ¥ 0.0 = 17472.,2 * 0.0 # 2.2
30 SLEW LEFLOY PL 1 * 17472,2 » 0.0 * 1747C.0 * G.0 * 2.3
3T NB DEELCY PL 1 ¥ TI5C, 0 # 0.0 % 717469,.8 * 0.0 % U.2
32 DECE FL 1 * 17469.8 * -1079.6 * 1639C.2 * 0.0 = 0.0
33 TERUST FF PL 1 * 163¢<C.,2 * 0.0 * 16368.,3 » 0.0 » 21,9
30 W8 ¥ T63€E, 3 ¥ 0.0 % 16358.8° % 0,0 % 9.5
35 SLEW IMU POI *  16358,8 * 0.0 * 16357.9 » 0.0 » .9
3€ NB INU POI *  16357.,9 »* 0.0 * 16357.8 #» 0.0 » 0.1
37 ftoT ¥ 16357.8 % 0.0 % 716262.7 * J5.C % V.0
38 WNE *  162€2,7 * 0.0 * 16279,5 » 0.0 » 3.3
3¢ SIEW ADJ * 16279.5 ¢ 0.0 * 16279.0 = 0.0 * 0.4
QG NB ALJ ¥ 16279,0 ¥ 0,0 ¥ T16279.0 ¥ 0.0°# 0.0
. W1 AFCGEE ALJ *  1€275.0 * 0.0 * 16278,.9 * 0.0 * 0.1
42 B *  16278,9 * 0.0 * 16275.6 = 0.0 = 3.2
T B3 SLEV ALY * 16275.6 # TT0,0 * 16275.2 % TQO.0T# 0.4
44 NE ALJ * 16275.,2 * 0.0 * 16275,2 » 0.0 » 0.0
4S FHASE ALCJ *  16275.,2 ¢ 0.0 * 16275.0 » 0.0 * 0.1
W& WB ¥ 16275,0 % U0 ¥ T 1627C.2 * Co0* Y8
47 SLEW MCC *  1627C.2 » 0.0 * 16269.8 =* 0.0 » C.l
4€ NB ICC *  162€65.8 * 0.0 * 16269,7 = 0,0 =* 0.0
YT OMCC * 16269, 7 # 0.0 # 7 16265.6 * 0.0°% 'S
50 WE *  162€5.6 * 0.0 * 16268,0 = 0.0 » 1.6
$1 SIE% INU MCI * 16268.,0 » 0.0 * 16267.2 * 0.0 = C.9
~— 857 NE INUTNOY TT62€7.2 %  0,07% 16267, 1% 0.0 " 0.1
§3 MOIX *  162€7.1 * 0.0 * 16192,4 » T4, 6 » 0.0
54 SIE® TRACK * 1615z.4 0.0 * 16190,2 =* 0.0 = 2.2




55 NB TEFBACK
56 TPI
87 SLIEW 1TEACK
Bt NE TFICK
59 MCC
60 <S1EW TRACK
‘61 NP TFACK
6z TEFP
63 WB
68 " SLEW LOCK
65 NE IOCK
- 66 DCCK EL 2
67 ALL EL 2
6€ WB
6¢ SIEW IMC TCI
T770 NE IMU TOI
71 1CI \
72 FC REMCT & MES VENT
73 WE
74 S1EW PCC
75 NE MCC
TT7€ MCC
77 B
7€ SLEW IMU POI
79 NBR IMU POI
8C PCI
€1 FC REACT & MES VENT
‘Bz WE
83 CSLIE® ¥FCC
. €4 NE MCC
8¢ MCC
86 B
87 SLEW IMU CIRC
"BB NB IMU CIEC
€S CIKC
9¢C WE
91 SIEW ADJ
$2 NB ADJ
$3 ALJ
94 wE
85 <SIE% ECS CAETUEE ST
9€ NE CAPTURE
S7 CCNTINGENCY 1.7%
TCTALS

LA AE IR L AR 2R I AR IR IR IR R R NN AR S P R E R E R E E I W araem

16180, 2
1€61€7.4
16142.8

16 TU0. 6

16137,7
16137.5
1€6135,3
1€132.1
16056.6
1€60%6.4
1€0£2,0
16051.7
160:4,5
17114 .1
17111.9
17107.4
171€72.3
9999.9
§%€2.9
9962.0
S9€C.7
§9€C.7
9936.7
9935.8
§9:3,2
9933.1
6962.6
69z%,¢6
€925.C
69 z4,1
€924,0
6912.,9
6912.3
691C.5
6910. 4
4704,2
47C4.C
4703.4
4703.2
46SE,7

LR AR IR 2R 2R L A IR R R IR IR I S BF SR BRSNS AN VR R Y S SN R U TP R SR v SOy

-h
(<}
~J

OCOO00O0OOO

OWOOAOOOOOODODOOOO

@ % o O & ¢ © & @0 & ® ¢ & & ¢ 0 & 4 8 ¢ 0 O ® 0 & ¢ 8 o

COO0OO0OO0OO0VDOODOOODAO0CDOODOTOCOOOOOONTOOSO

COODROOOO0OO0OODOOOOOCOOODOODOODOOCD

.

LR AR AL I R R IR NI R IR N I I R N e Y EE EE I ey

16187. 4
16142,.8
16140.6
16137.7
16137.5
16135,3
16132, 1
16056.6
16056.4
16052.0
16051,.7
16034,5
17114, 1
17111.9
17107.4
17107.3
9999.9
9962.9
9962.0
9960.7
9960.7
9936,.7
9935.8
9933.2
9933,1
6962.6
6925.6
6925.0
6924,1
6924.0
6912,.9
6912.3
6910.5
6910.4
47C4.2
4703.4
47C2.2
4655.7
4695.2
46S4.5
4693, 4
4492,5

LA R A AR SR BN R SR K BF SR BFAR SR IR AR ISR IR NI E R R R X TR I Y UN Sy
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ONOOCOOOCOO0OoOOOOsEa

00 OOV OCOOCOOOadno
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TUG DEITA-V EUDGET

~ CCNFIG. CONCEPT : U410AD-2

1-STG CFFL 1 PL INIO GECS, RETR 1 FIL

DV NAIN LV 2PS
Wk hk % kk a2k %k 2k ok ko
- 1 ST THFUST * 0.0 * 0.0
6 EOI *  U236,0 * 0.0
11 Mce * 0.0 * 13.0
< 15 1cI *  3883,0 # 0.0
20 MCC * 0.0 * 12.0
24 MCI *  EQUELQ # 0.0
- 28 ALJ AES EEE NCTL. * 0.0 =* 18,0
33 THRCST FE EL 1 » C.0 # 10.0
~~37 pol | * 50,0 * 0.0
- 41 AFOGEE ALJ * C.C * 0.0
45 PHASE ADJ * 0.0 * 0.0
49  McC * C.0 * 0.0
< 53 MOI * 50,0 * 0.0
56 TEI * 30,0 * 0.0
56 MCC * 0.0 * 0.1
< 62 TEF * 0.0 * 35,0
66 L[CCK EL 2 * 0.0 * 8.0
71 101 *+  5839,0 # 0.0
o 76 MCC * C.0 * 18.0
. 80 EOI x  38€4,0 * 0.0
“TUgs  Mce * 0.0 * 12.0
< 89 CIRC *  4182.0 * 0.0
93 ADJ * 0.0 # 12.0
97 CONTINGENCY 1.7% * 475.7 * 0.0
- % 2k ke ok ok ok ok o o 3p ok ok ok
TGTALS 28457, 7 138.3
L4
-
-
-
-
@
-



‘ '

PAGE 6.3- 59

TUG WEIGHTY HISTORY

-—56__NB _IMU TOI .

CONF1Ge CONCEPT O 410AD~2 L4
1-STG DEPL 1 PL-AKS GEQS» RETR 1 PL-DKS
wWT BEF DLT PAY WT AFT PRO-MAIN PRO-APS
- ShksekkEk EegkkEEEE (3323332 % ] ok gk gk xEE
1 ST THRUST & 63721.0 * 0e0 * 637210 * 0.0 = 0.0
2 NB RELEASE ST % 63721.0 = 0e0 = 637210 * 000 * 0.0
3 w8 * _ 6£3721.0 * 0.0 * 637209 =* 0.0 % 0.0
4 SLEW IMU POI & 63720.9 * 0«0 * 63704.4 % ° 0.0 * 1645
§ NB IMU POI * 63704.4 x 0.0 * 63704,3 0.0 = Oe1
6 _POIL % _63708.,3 = 0s0 % 43319.0 #* 2038543 % 0.0
7 FC REACT & MPS VENT % 43319.0 * 0.0 * 43295,0 * 0.0 * 0.0
8 w8 * 43295,0 % 0.0 * 43294 .9 * 060 * Oel
9_ _SLEW MCC ®  43294,9 % Qe * 43289,3 *x 020 * Seb
10 NB MCC * 43289.3 % 0.0 * 43289.3 * 0.0 * 0.0
11 MCC * 43289,3 * 0e0 * 43219,7 * 0.0 * 69,5
12 w8 & 43219,7 * 0,0 ® 43219.6 % 0.0 ¥ 001
13 SLEw IMU TOI * 43219.6 % 0.0 * 43208.4 * 0.0 * 11.2
14 N8 IMU TOI *® 43208.4 * 0«0 % 43208.3 * 0.0 * 0.1
1S Y01 * _ 43208,3 * D0 * 30353,9 * 1285804 % Q.0
16 FC REACT & MPS VENT * 30353.9 x 0.0 * 30329.9 * 0.0 =% 0.0
17 w8 *  30329.9 * 0.0 * 30329.6 * 00 * 0.2
— 18 SLEW ADJ £ _30329.6 % 0.0 % 30325,7 * Dae0) % 3.9
19 NS ADJ * 3032S.7 * 0.0 * 30325.7 = 0.0 * 0.0
20 ADY * 30325.7 * 0.0 * 3027740 * 0.0 = 48,7
21 wh £ 30277.0 * 0.0  120276.7 % 0.0 % 0.2
22 SLEwW DEPLOY [ 302767 %* Q0 = 302728 * 0.0 ’. 3.9
23 N8B DEPLOY * 30272.8 * 0.0 * 30272.,7 * 0.0 * Ot
25 THRUST FR PL 1-=AKS & 21398.,4 * O0e0 * 21369.8 * 00 * 2846
26 w8 ® 2136G.8 * 0.0 = 21369,7 * 0.0 * 0.1
27 _SLEwW IMy P01 * 2136947 * D.0 * 21368,5 % 0.0 * 1.2
28 NB IMy POl ® 2136845 * 0.0 * 21368.5 * 0.0 * 0.1
29 POl ® 2136845 % 040 * 212509 * 1176 * 00
30 w8 2 21250.9 % 0.0 % 21249,8 ¢ = 0.0 % 1.1
31 SLEw ADJ & 21249.8 * 00 * 21249.2 = 00 * 0.6
32 NB ADJ * 21249.2 ¥ 0.0 * 21249.2 * 0.0 % Ce0
33 APNGEE AD. 48,6 ¥ Na0 * Q.6
34 w8 % 21248.6 * 0«0 %= 21247.5 ¢ 00 % 1.1
35 SLEW IMU HOI & 21247.5 * O0e0 * 21246.4 % 0.0 * 1.2
"__36 NB IMU HOI . 21246.4 * 0.0 % 21246,3 % 040 % = 001
37 wOI ® 21246.,3 % 0.0 * 2112%9.4 * 116.9 * 0.0
38 w8 & 21129.4 % 0.0 %= 21129.4 = 0.0 * 0.0
39 SLEW YRACGK ® 211294 * 0.0 % 2112605 * Da0 % 2.9
40 NB TRACK % 21126.5 = 0.0 ® 21124.,4 % 0.0 * 2.1
41 TPI * 2112844 % 0.0 * 2106602 * 5842 * 0.0
___42 SLEW TRACK *_ 21066.2 * 0,0 * 231063.3 % 0.0 % 2.9
43 NB TRACK ® 21063.3 % 0.0 * 21053.4 * 0.0 * 99
44 MCC ® 210%3.4 % 0.0 * 21035361 = Oe0 * 03
45 SLEW _TRACK *_ 21053,1 * 0.0 % 2105003 * 0.0 % 249
46 NB TRACK & 210503 = 0e0 £ 21040.,3 * De0 * 99
47 TPF & 21040.3 * 0.0 * 20941.9 * 00 & 98.4
.48 SLEW DDCK *__20941.9 = 0.0 * 2093602 % D0 ® P 4
49 NB DOCK . s 20936.2 * 060 * 2093640 * 0.0 = 0.2
S¢ 0DOCK PL 2 % 2093640 * 060 * 20913,6 * 0e0 * 2268
51 _ADD PL 2 * 20913.6 * 8874¢3 * 29787.9 * 0.0 _* 0.0
52 we ® 2G787.9 * 0.0 & 29787.4 * 0.0 * 0.5
$3 SLEw IMy TOI & 2G787.4 % 0.0 * 29779,6 % 0.0 % 77
8 2977926 % __ 0.0 _%_ 29779«6.% _____ O % 0.0 _




55 TOI * 29779.,6 @ 0.0 * 25700.5 = 4079.1 = 0.0
86 FC REACT & MPS VENT & 25700.,% » 0.0 * 25676.5 « 0.0 * 0.0
- ¥ A | - S x_ 2567648 ¥ = 0.0 % 25676, S % 0.0 % _ 0.0
58 SLEw MCC * 2%676.,5 » 0.0 &= 25673.,2 » 0¢0 % 3.3
59 N8 MCC i * 285673,2 » 0«0 * 25673,.1 = 0.0 % 0.0
60 MCC .“--__.___—LM.L_L.._,__QAQ__{“-M._Q e Da & 138
61 w8 * 25659.,4 % 00 = 25659,3 » 0.0 = 0.0
62 SLEW IMU POI * 256%59.3 » 0.0 = 25652,7 x Qe = 67
63 N8 My PQOI & 2565%52.7 % ~000 & 25652.6 % 040 * __ 0.1 .
64 POI * 256%2.,6 040 & 18545,5 = 71071 = 0.0
65 FC REACY & MPS VENT % 18%54S5.5%5 & 0.0 * 18521.5 » 0e0 * 0.0
— 56 __wB e - X 1882185 8 0,0 -%_ 18521.3 % . __0.0 ¥ _ — Da2. _.
67 SLEW MCC  18521.,3 » Oe0 * 18518,.,9 = 0.0 = 2.4
68 NB MCC ¥ 18518.,9 » Ce0 & 18518.8 « De0 % 0.0
—89 MCC cee eenl % 185188 % 00 % _18513.9 % 0.0 % .5:Q. .
70 w8 * 18513.9 ¢ 0.0 * 18%513,7 =& 0.0 % 0.2
73 SLEW IMU CIRC ® 183513.,7 = Oe0 * 18508.9 * 0.0 = 4.8
-T2 _NB MU CIRC *__18508,9 * 0.0 % 18508.8 % . 0,0 * Qa1
73 CIRC * 18508.8 * 0.0 *# 12653.3 = 5855¢5 % 0.0
74 w8 * 126%3.3 % 00 * 12652.3 = O.C x 10
—.15 __SLEW ADJ ® 126523 * 0e0 * 126506 % = 060 % 146
76 NB ADJ * 12650.6 * 0.0 * 12650.6 = 0.0 =» 0.0
77 ADJY * 12650.6 % 0.0 = 12630.2 x 00 * 203
.18 _w8_ e . B 1263062 & 0e0 *  12629.2 * Q.0 * 120
79 SLEW EOS CAPTURE ST % 12629.2 % 0.0 * 12627.6 = 0«0 % 16
80 NB CAPTURE * 12627.6 * 0.0 * 12627.2 = 0«0 = 0.4
.——B1 CONTINGENCY 1,7( -¥ 12627.2 % 0.0 * 122873 *  339,9 & .. 0.0
(22 £ 22 E L2 3 23 832 ]
TOTALS 50914,0 423,6
P TUG DELTA-V BUDGET
[
— CONFIGe CONCEPY 0 Q10AD= 2 . e L — R
1=SYG DEPL 1 PL-AKS GEOSs REIR_ 1 _PL=DKS — - - -
— DY MAIN DV APS . o .
L2 2 22 2% 1] Lt 233 2 23 ]
1 ST THRUST * 0.0 x 0.0
6 _PO1 e X 4194,Q % 0.0 e e e e e R
11 MCC * 0.0 = 12.0
15 TOI * 3840.,0 = 040
20 ADJ * D0 = 120 e e e
25 THRUST FR PL {=AKS * 0.0 =% 10.0
29 POI * 60,0 % 0.0
33 APQGEE ADJ * Q.0 % 0e2
37 w™MO1 & 60.0 =% 0.0
41 TP1 * 30.0 * 0.0
48 MCC ] D0 * _Oael -
47 TPF * 0.0 = 35.0
%0 DOCK PL 2 * 00 % 8.0
59 YOI x 160200 * 0.0 - e e e
60 MCC * 0.0 » 4,0
64 POI » 3528.0 *» 0.0
—89 McC L ® 020 = 220 _
73 CIRC * 4136.0 x 0.0
77 ADJ * 0.0 = 12.0
81 CONTINGENCY 17( =% 29647 % Q.0 — RO e
. S SEBe e hE (22 2 133 3 B . .\
TOTALS 1774647 95.3 Salh LL3- gn




PAGE 6.3- 51

TLG WETGHT HISTCRY

CONF IG.

1=STG SERVICES 4 PL==REPL

CONCEPT

410AD- 2

PARTS & DISC

wT 3EF DLT PAY wT AFT PRO=MAIN PRO=APS
SRSk ek X Sxkhkkn P 1‘:0.3##;& SEREE R Kk *kwkkkE
1 THIUSY ST ® 63721.0 * 0.0 # 63721.0 * 0.0 * 0.0
2 NB RELEASE ST * 637210 = 0.0 % 63721.0 = 0.0 * 0.0
3 48 * 63721.0 0e0 * 63720.9 = 0.0 * 0.0
4 S_Ew MU YOI * 637209 ¥ 040 # 63701.7 ¥ ., 0.0 = 19.3
S NB IMU TOI * 63701.7 = 0e0 * 637016 * 0.0 * el
6 TI1 » 63701.6 % 00 # 3218660 * 31515.6 * 060
7 FC YEACT & MPS VENT * 32106.0 % 0.0 4 32087.0 % 0.0 # 0.0
.8 wB * 32087.0 * 0.0 » 32086.8 * 0.0 = 0e2
9 S.EW MCC % 3208648 * 0.0 * 32081.9 * 0.0 = 4.8
T0 vB vcCe *  320€81.5 ¢ 0.0 % 32081.9 % 00 % 0.0
11 vCC * 3208l.9 * 0.0 * 31987.5 * 0.0 * 94 .4
12 43 %x 31987.5 * 0.0 % 31987.2 * 0.0 * 02
13 S.E4 IMU MOI * 31987.2 * 0.0 # 31977.6 ® D0 * 9.7
14 NB IMU MOI * 31977.6 % 0.0 % 31977.4 » 0.0 * 0e2
1s wot *  31977.4 * 040 ¥ 18632.0 * 13345.4 = 0.0
16 FC IEACTY ¢ MPS VENT ¥ 18632.0 * 0.0 ¥ 18533.0 » 0.0 % 0.0
17 wB * 18533.0 * 0.0 % 1853144 * 0.0 = 1e6
18 S_EW TRACK * 18531.4 =* 0.0 * 18517.4 = 0.0 #* 14.0
19 NB TRACK ® 18517.4 * 0.0 9 18516.0 * 0.0 * 1.5
20 T2} % 18516.0 * 00 ¥ 18465.,0 * 510 = 0.0
21 S_EW TRACK * 18465.C * 0.0 & 18451.0 * 0.0 = 13.9
22 NB TRACK * 1845140 * T 0.0 % 1845042 *x Oe0 * 77 048
23 MCC % 1845062 * 0e0 % 18449,9 * 0.0 = 0.2
24 S_EW TRACK * 1844%9.9 * 0.0 % 1843640 * 0«0 * 13.9
25 NB TRACK * 16436,0 % 0.0 % 18435.1 = 0.0 =* 0.8
26 TOF % 18435.1 » 0.0 % 18348.,9 * 00 = 8642
27 SLEw DNCK * 18348.,9 x 0.0 % 18321.1 =* 040 * 27.7
TT28 NB bOcK ¥ 18321417 %5 T 0.0 %7 183209 % 0.0 % 0.2
29 DICK PL 1 * (83205 =* 0.0 ¢ 18301.3 » 0.0 * 19.6
30 ADD PL 1 * 1830F.3 = 5000.0 % 23301.3 * 0.0 % 0.0
3t w8 ® 233C1.3 = "0e0 % 23301.0 ¥ 0.0 * 0.3
32 SLEW DEPLOY ® 23301.0 * 0.0 3 23297.5 = 0.0 = 3.5
33 NB DEPLOY *  23267.5 * 00 & 232$7.5 * 040 =% 0.0
34 DRI PL 1 ¥ 232G7.5 % =5171.6 4  1B8125.95 ¥ 0.0 * 0.0
35 THRUST FR 2L 1 % 16125.,6 =* 0e0 * 18101.6 * 0.0 * 24.3
36 wn 2 1B1Cle6 *» 0s0 % 18101.5 * 0.0 = Oel
37 S.Ed MU POT *  1E81CleS * 0.0 % 18100.,2 * 0.0 * 1.3
38 N8 IMU POI * 181002 * 0¢0 » 18100e1 = 0.0 * Oe1
39 ®J1 * 18100.1 * 0.0 % 18022.1 = 78.1 % 0.0
30 ab * 1802241 x7 7T 0.0 % T18003.7 * D0 = 18.4
41 S_EW MCGC * 18003.7 = 0«0 % 18003.1 = 0.0 = 0.7
42 NB uCC * 18003.1 * 0.0 % 18003.0 = 0.0 * 0.0
43 WwCC * 180C3.0 ¥ T 0.0 % 18002.5 ¥ 0.0 * 7T 0,5 T
44 WB % 18002.5 * 0s0 % 17984.1 x 0.0 = 18.4
4S S_EW IMU MO1 * 17984,1 = 0e0 % 17982.8 * 0.0 » 1.3
T a6 NB IVMU Vo1l % 179828 = 7 040 ¥ 179828 # T VGO0 %O T T
a7 W1 * 17982.8 = 0.0 o 17905.2 * 776 % [« Y 4]
48 4B *  179CS.2 = 0¢0 #* 17903.1 * 040 * 2.1
49 S_EW TRACK *  17903.1 « 7 00 * 17899.,8 = 0.0 "7 3,3
S0 NB TRACK 8 17859.8 = 0.0 % 17898.3 = 0.0 = 15
51 T3] ® 1786803 % 0.0 ¢ 17849,0 » 49,3 * 0.0
B2 S_EW TRACK T T T 7 17849.0 0e0 * 17845.7 » 0.0 8 T 3,2
53 NB TRACK * 17845.7 = 0.0 % 17864.,2 040 = 1.5
54 wCC & 17844,2 = 0.0 ¥ 17844.0 * 040 ¢ 0.2

—————— e~ -




5S
56
57

&8

39
60
61
62
63
64
65
66
67
68
69
70
71
72
13
74
75
76
77
78
79
80
81
82
83
84
8s
86
a7
88
a9
90
91
92
913
o4
95
96
97
93
99
L %
* %
* %
* %k
* ¥
x %
%
* ¥
* ok
* %
* %
® %

k%

* %
* %

'Y

* %
%

ek

* %k
* %k

S.EW TRACK
NB TRACK
TPF

S.EwW DOCK
NB DNCK

DI CK PL 2
ADD PL 2

#R

S.EW DEPLOY
NB DEPLOY
DRJI2 P 2
THIUST rFu Py
whR

S.E¥ IMU PNI
NS IMU POI
231

AR

S.EW MCC

NB MCC

MCC

AR

S.EN IMU MO1I
NR IMy vO
i1

w8

S_Ew TRACK
N3 TRACL
To1?

S.EW TRACK
NB TRACK
MCC

S_.Fw TRACK
NB TR ACK
TOF

S. EW DOCK
NB DNCK

D3CK PL 3
ADD PL 3

wB

S_EwWw DFEPLNY
N3 NDEPLOY
DRI> b 3
THRUST FR PL
wR

S_EWw MUy PNI
NB IMU POIL
=n ¢

wR

S.EW MCC

NB MCC

MCC

wB

S.Ew IMU MOI
NB IMU MO

MI1

AR
S_.EW TRACK
NB TRACK
o1

S. EW TRACK
NB TRACK
vece

S.EW TRACK
NB TRACK
TOF

S.EwW DOCK

N

**“*if}”*{***l.l’*******i*i***'I'*‘I&i********‘l**G****-}iil*li**l****l’*}

17844, 0
17840.7
1783%.2
17755.8
17745+ 3
17749. 0
177306 0
22730.0
227297
2272643
2272643
1795447
1753102
175311
17529.8

17528. 7

173533
173185
17317.8
17317.8
173171
17282.2
17280.9
17260.9
17106+ 9
171 Cae?
17101.6
17100.0
17052.9
17049,8
17048.,2
17048.0
17044, 6
17043.3
169€3.6
16957.4
16GS7.1
16938.9
21338.9
21638.6
21935.3
21935.3
1€67¢3.,7
16741.2
16741.1
16739.9
1673S.8
16656+ 9
16637.1
16636.5
16636.4
16636.0
16616.2
16614.9
16614,.9
1653246
1653042
16527.2
1652546
164€0.)
16477.1
16475.4
1647542
1€4 72,2
1647046
16393.5

l******‘*****{*****{#{*l**&*Il**'}%*****il**l**i****i#v*l*'}***{'liﬁi

nLEOE

=517

0.0
0.0
0«0
0.0
0.0
0.0

5000.0

0.0
O.0C
0.0

-5171.6

0«0
[ P ]
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
0.0
OeC
0e0
00
0.0
0.0
0.0
0.0
0.0
060
OO0
0.0
0.0
0.0
0.0
0.0

5000.C

0.0
0.0
Qe0C
1.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Oe 0O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

.
W
!

-~

‘8&&0.‘..&"..06‘“l'l&&&l‘&&&&8"&&.‘668’&"..&“’&‘.‘OO.I"‘-‘&“

N

17840.7
17839.2
17755.8
17749.3
17749.0
17730.0
2273040
22729.7
22726.3
22726.3
17554,7
17531.2
1753141
17529.8
17529,.7
17353.3
17318.5
17317.8
17317.8
17317.1
17282.2
1728049
17280.9
17106.9
1710447
1710146
17100.0
17052.9
17049.8
17048.2
1704840
17044.9
17043,.3
1696346
16957.4
16957.1
16938.9
21938.9
21638.6
21935.3
167637
16741.2
167611
16739.9
16739.8
1665649
16637.1
16636.5
16636.4
16636+0
1661642
16€14,.,9
16614.9
16532.6
16530.2
16527.2
16525.6
16480.1
16477.1
16475, 4
16475,2
16472.2
164706
16393.5
16387.6

l'**G*}i#’li&**i****i***iiﬂ*l-}%*****l*'I'I-****!G#*’l*{*l&*l*i**.&l}#l

0.0
0«0
040
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
Qa0
0.0
0.0
0.0
176 .4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
173.9
0.0
0«0
0.0
47.13
0.0
0.0
0«0
00
00
0.0
0«0
0.0
0.0
0.0
0.0
0.0

C .0
0.0
0.0
0.0
0.0
0.0
82.9
00
0«0
0.0
0.0
0.0
00
040
82,3
0 .0
0.0
0.0
4565
0.0
0.0
0.0
0.0
0«0
0.0
0.0

'I'**l*!'****l‘l**l*l*i«l*’*'I'*‘I'**l**Id-«l'i'&*Q*Q******ll’}***l*li'*#ll****’

362
15
835
6e5
Oe3
190
0«0
O0e3
3e4
0.0
0.0
2365
Oel
1e3
Oel
0«0
3408
0.6
0.0
07
34,9
13
Oel
060
2e2
3.1
1.6
0.0
3.1
1e¢6
Qo2
3.1
16
T79.7
602
Oe3
18,2
040
Oe3
3.3
0.0
0.0
2244
Oel
162
Oe1
0.0
19.8
0.6
0.0
Oeb
19.8
1.2
Oel
0.0
263
360
1.6
0.0
3.0
1.6
02
3.0 °
16
770
6.0




L X J NR DOCK * 16387.6 = 0.0 » 16387.2 x 0«0 = Oe3
* % nNOCK PL 4 *® 16387.2 » Qe @ 16369 .7 » 0.0 = 17 .6
#% ADD PL 4 * 163697 » 50000 * 21369.7 = 00 = 0«0
*x%x N8 = 21369.7 = 0.0 *# 213694 = 0.0 = 03
*x S_EW DEPLOY, * 21369.4 * 0«0 # 21366.2 % 0.0 * 3.2
*% N8B DEPLOY *® 2136642 = Q0e0 * 21366,]1 * Oe0 = 0.0
% DRI PL a4 % 213661 * =5171.€€ % 16194.,5 * 0«0 * 0.0
*% THIUST FR P 4 *  16164.5 % 0«0 % 16172.8 = 0.0 % 21.7
* % WA * 161 72.8 =% 0e0 # 16169.9 =» Q0 * 29
X ] S.FEw IMyU TO! % 161 69.9 % 0.0 » 16168.7 = 0.0 = 12
*% NB IMU TOI * 161 68,7 0.0 » 16168.3 » 0«0 =% 0.5
% % TY¥1 * 161 68,3 % Q0«0 o 9420.6 % 6747:6 * 0«0
*% FC YIEACT € MPS VENT =% 9420, 6 * 0.0 # $321.6 = 0.0 % 0.0
*x 4B * G321.6 * 0«0 o G320.6 = 040 = 1«0
%k S_EW MCC & $320.6 % 0.0 *# 9220.3 * 0.0 * Oe3
*% NB wCC % §320.3 x 0.0 # 9320.2 x 0s0 % Oel
*%x MCC * G320.2 % 0.0 » 9299.,0 » 0.0 * 21 .2
*® % wB * S2G69,0 % CeO ¥ 9298.0 % 00 % 1«0
*%x S_FW Imy PNI * S268.,0 = 0.0 * 9297.3 * 0.0 =% 07
% NB IMU ©oN] * G2G7.3 = 0.0 # 9296.8 *x 0.0 = 0.5
*x D)1 * G296+ 8 % 0.0 * 6585.3 % 27115 % 0.0
* % FC IFACT & MPS VENT = 6585.3 % 0.0 o 6486+3 * 0.0 = 0.0
X% wge * 64 8643 %= CeQ » 646485.4 x 0«0 % 0.8
*%x S_EW MCC * 684 85,4 % 0.0 * 6485,2 * 0«0 x 0.2
% NB WCC * 64 85,2 * 0.0 * 6485,1 * 0«0 * 0ol
x% MCC * 648S5.,1 * 0.0 *» 6475.5 * 0.0 = 9.5
*%x WNB * 6475.5 * 0.0 # 6474 .7 * 00 % 0.8
** S_EANA IMU CIRC ] 6474, 7 * 0.0 » 6474,2 *» 040 * 0e5
*%x NB IMU CIRC * 64 74,2 * 0.0 9 6473.,4 * 020 * 0.8
*x CI13C * 6473.4 * 0.0 » 4328.9 * 2144,5 * 0.0
*® %k wR * 4328.,9 % 0.0 » 4328.7 x 0e0 = Oel
*%x S_EW ADJ = 4328.,7 =% 0.0 # 4328.6 * 0.0 * Qo2
.u N ADY * 4328.6 » 0e¢0 ® 4328.4 * 040 * 0.2
L 3 ADJ x 4328.4 * 0.0 # 4320.9 = 00 = Te5
*x % AB * 432GC.9 = 0.0 4320.7 * 060 % Oel
*x S_EW ENS CAPTWRE ST * 4320.7 = 0.0 *# 4320.6 * 0.0 % 0e2
% NB FOS CAPTURF ST * 4320.6 * 0e0Q # 4319.0 = 0.0 =* 146
%  CINT INGENCY 1.7¢ * 4315,0 * 0.0 # 4135.0 % 184.1 x 0«0
YT TS I YT YT

TOTA_S ' 57512.7 990 .6

3
‘N

CPAGE G, 3-



TUG DELTA=-V BUDGET

CONFIGe CONCEPT

1 THIUST ST
6 TI1
— 1 wee
15 w1
20 T21
23 vCC
26 T>F
29 DICK BL 1
58 THRUST FR PL
39 POl
43 JCC
47T vI1
st T2>1
54 MCC
57 TOF
60 DICC PL 2
66 THRUST FR PL
Y0 201
74 uCC
‘ 78 MI1
‘82 To1
85 wvCC
88 TOF
‘91 DICC PL 2
97 THRIUST FR PL
% %k 231
T ¥k MCC
x%x MO
*xx T21
% VCC
*%k TOF
% DICK PL 4
*% THRUST FR PL
*x TI1
*% MCC
k% P)1
*%x MCC
*& CIRC
W% ADJ
®% CINTINGENCY 1.7(
"YOTA_S

a10a0- 2

SR SR AR B IR B BF B S R R JEIAE BF SR NE K R B BN BE B BE EE K NE B B EE EE BE NE BE IR B SR SR B

1-STG SERVICES 4 PL~=-REPL PARYS £ DI SC

DV MAIN Dv APS
kKKK kKK sk ok X ko Xk ¥
0.0 % 0.0
7424,0 * 0.0
0s0 x% 220
58744 0 * 0.0
30,0 * 0.0
0.0 * Oel
0s 0 * 35.0
Ce 0 * 8.0
0e O % 10.0
47.0 % 0.0
Qe 0 * 0.2
47.0 % 0.0
300 % 0.0
0 O * Oel
0 0 % 35640
O 0 % 860
0e 0 * 10.0
1100 * 0.0
0s O * Oe3
1100 % 0.0
30,0 * 0.0
Ce O * Oel
0s 0 * 35.0
Oe O * 8.0
Qe 0 % 100
S4.0 % 0.0
0. 0 * 0.2
54. 0 * 0.0
300 % 0.0
00 % O.1
Oe O * 35.0
0sO0 % 8.0
0.0 % 10.0
S874. 0 * 0.0
Oe O * 17.0
37500 * DeO
0.0 * 11.0
4376, 0 * 0.0
0e0 * 13.0
4736 * 0.0
kokkk kKR &k L2222 3 3 3 )
28313. 6 276.1

Gl
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" PAGE

6.3- 65

TUG WEIGHT HISTCFRY

CONF IG.

CONCEPT

1-STG SIVCS 4 PL

41CAD- 2

IN GEOQS=-=BRG PRTS BK

WT REF OLT PAY WT AFT PRO=-MAIN PRO~APS
Rk REkEE EEhEEE L% 29443 %%% E2 222 322 2] REEkxkkE
1 TVHRUST ST * 63721.0 * 0.0 % 63721.0 * 0.0 % 0.0
| 2 NB RELEASE ST ® 6372140 * 0e0.% 63721.0 » 0.0 % 0.0
i 3 B *® 63721.0 % 0.0 # 63720.9 # 040 * 0.0
4 S_EW MU TOI % 63720.9 % 060 ¥ 63698.7 % 0.0 = 22.2
S NB IMU TOI * 63698.7 * 0e0 * 6369846 * 0«0 % 0ol
6 TII1 * 636G8,6 * 0¢40 % 32184.5 * 315148.1 % 0.0
7  FC JEACT € MPS VENT * 321 66,5 % 0.0 # 7 32060.8 % T0.0 * 0.0
8 w8 * 32060.8 = 0.0 » 320605 * 0.0 % 0e2
9 SLEW MCC ®  32060.5 * 0e0 # 32054.9 % 040 = 5.6
310 N8 «¥ct *  32054.9 % T 060 ¥ 3205449 * T OG0 ¥ T T 0.0
11 vMcC * 32054.9 = 00 % 31560.6 * 0.0 = 9443
12 w«B * 31960.6 * O0e0 % 31960¢3 * 0«0 * 0e2
| 13 S_Ew IMU MOI * 31960.3 0.0 % 31949.2 = 0.0 = 11.1
! 14 NB IMU w01 * 31949,2 * 0.0 * 31949.0 » 0es0 * 0.2
1 : 15 v)1 * 31949.0 = 0«0 # 18615.5 *# 13333,5 * 0.0
‘ A [} VENT % 18615.5 % 0.0 % 18491.8 % 0.0 * 0.0
1 17 w8 % 18461.8 =* 0.0 # 18490.2 * 0e0 = 1«6
| 18 S.EW TRACK ® 184G0.2 * 0.0 ¥ 18474.1 * 0.0 * 161
‘ 19 NB TRACK *® 184 14.1 =* 0.0 # 18472.,6 % 0.0 =* 1.5
\ . 20 T31 * 18472.6 % 0.0 4 18421.7 * 50.9 * 0.0
! - 21 S.EW TRACK x 18421.,7 * De0 % 18405.7 * 00 @ 160
T 22 NB TRACK ® 168405.7 * 7T 0.0 % 18404.8 * 0.0 % 777 0.8
23 MvcCC * 18404.8 % 00 # 18404.6 * 0.0 * 0.2
24 S_EW TRACK * 18404.6 * 0.0 % 18388.6 * 0.0 * 16.0
25 NB TRACK * 18388,6 % 0.0 # 18387.7 * 0.0 = 0.8
26 T>F * 18387.7 % 0.0 3 18301.7 * 040 = 8640
27 S.EwW DOCK £ 18301.7 =* 0.0 * 18269.8 * 040 * 31.9
28 NB 00cCK ¥ 182668 ¥ T T 0e0 # 1826946 #7777 06,0 ¥ 0.2 -
29 DOCK PL 1 * 1826G5.6 * OeU % 18250.0 = 0.0 % 19,6
30 ADD PL 1 * 18250.0 = 50000 # 23250.0 * 0.0 * 0.0
31 w8 ® 232500 ®# 0.0 %7 23249.8 * 0.0 ¥ 0.3
32 S.EW DEPLOY & 23246,8 % 0.0 ¥ 23245.7 * 00 * 4.0
33 N8 DEPLOY ® 23245.,7 = 0e0 % 23245.7 * 0.0 = 0.0
34 O%33 PL 1 *23245,7 ¥ =500040" % 18245.7 * 0.0 % 0.0
35 THUST FR PL 1 * 18245.,7 * 0.0 # 18221.2 » 0«0 = 24 .4
36 48 ® 18221.2 * 0.0 * 18221.2 = 0.0 = Oel
37 S.Ew IMU POI *  18221.2 * T 0.0 % 18219.4 #* 0.0 * 1e7
38 NB IMU POI * 18219.4 * 0.0 % 18219.4 * 0.0 % Oel
39 P31 * 18219.4 * 0.0 % 18140.8 =* 7846 * 0.0
a0 W8 O 1€140,8 ¥ 7 04079 T18123.9 *x 7 040 ¥  16.9
a1 S_EW MCC ® 1£8123.,5 * 0e0 % 18123.0 * 0.0 * 0.9
42 NB vcC * 1€123.,0 = 0.0 % 18123.0 » 0.0 * 0.0
43 wCC ®18123.0 % T 060 277181225 *77 T 0.0 ¥ T T 0eS5
44 wB & 18122.,5 = 0.0 ¢ 18105.5 * 040 * 1740
45 S.EW IMU MOI ® 18105.5 * 0.0 % 18103.8 » 0.0 =% 1e7
&6 N8B MU MOl T "% 1e1¢3.8 x T 0.0 # 18103.7 & 7 0.0 ® 0.1
a7 M1 * 18103, 7 = 00 #* 1802547 * 78e¢1 = 0.0
48 A8 ® 18025.7 * 0e0 % 1E8023.7 * 00 * 2.0
49 S_EW TPACK ATT18023.7 *F 7 0e0 % 18019e4 % 040 ¥ 4,3
. 50 NB TRACK ® 180194 0.0 % 18018.0 = 0.0 * 1.8
51 TOt % 18018.0 # 0¢0 % 17G68.4 » 49.6 * 0.0
BT OS_EW TRACK T T T T T & T 1796844 % 0«0 # 1796641 * 0e0 ® 4.3
53 NB TRACK ®  179€4,1 = 0s0 % 17962.8 * 0.0 ¢ 1e4
54 MCC ~ * 17962.8 % 0e0 % 176625 * 040 = 0e2
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S.EW TRACK
NR TRACK

TOF

S_EW DOCK
NB DOCK

mICK  PL 2
ADD PL 2

aR

SLFW DEDPLOY
VB DEPLNY
PRI2 B 2
THRUST FrR PL
wAa

S.EW MU P01
NGB IMU PO
°31

WA

SLEW MCC

NB MCC

wCC

N

S.FW 14U MOT
NA IMU MOl
w3

NR

5.FwW THACK
NR TR ACK

T>1

S.Ew TRACK
NR TP ACK

vce

S_FW TRACK
NR TRACK

ToF

S.Ew DICK

NB NOCK

‘NICC PL 3

ADD PL 3

wa

SLEW DEPLOY
NP DFPLCY
NRI> PL 3
THIUST FpP D
WA

S.Fd IMU POI
NB 1My PO1
PI1

NB

S_Fw MCC

NR MCC

MCcC

wR

S_.Fw IMU MDI
NB IMU MOI
Ml 1

wRa

S_Ew TRACK
NB TRACK

T2]

S_. Ew TRACK
NB TRACKL

MCC

S.FW TrEACK
NB TRACK

TOF

S.Ew D2CK

2

3

LR B SR K BE AR B 2R BE 2R IR SR 2 BE BE B K BE B K B K B R K BE B B K K K B R EE BE EE EE B S A TR R BE BE B B R K N R PSSR R N R RN N R

17962.5

1 7956. 3
17956+ 6
17872.9
17864. 4
17864.1
1 7845. 0
22845, 0
22864,7
2284047
22840.7
17840.7
17816.8
178167
17815.1
17315.0
17635, 7
1760346
17603.0
176C3.0
176C2. 3
17570.4
1756&.7
17568, 6
173G1l.R
1738G. 8
17385, 7
17384, 2
1733¢€.3
17332.2
17330. 8
17330.6
1732645
17325. 0
17244, 0
17235.8
17235.5
17217.0
222170
22216.8
22212.9
22212. S
17212.9
17189 8
17189.7
17188.1
171 88.0
171 02.9
1708%.0
17084,2
17084,.1
17083.7
1706547
17064.1
17064, 0
1657Ge S
166774
16973 4
16971.9
1 €925.,2
16921.1
1691S. 7
16919.4
16915.4
169;400
16834, 8

LR B R S AR I A R B R L T L R R R N B N R N B AR B R S R N B NE N W R A A AR IR IR B NE N R R NP N AP N A AN R I IR B R IR AR )
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060
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0.0
5000.0
040
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00
-5000.C
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00
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00
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00
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Je0
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178167
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17085.0
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17084.,.1
1708347
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17064.1
17C64.0
169795
16977.4
16G673.4
16971.9
16925.2
16921.1
16919.7
169194
16915.4
16G614,0
16834.8
16826.9

LI BN BE AR BE BE SE IR JE S BE R SR T S R R PR R N IR R N IR N SR AR R N B ONE AN )

LR R R BE SR ONE R NE BE R B R N A R NE R N N BE R R B S B

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 .0
179.3
0.0
040
0.0
0«0
0.0
0.0
0 «0
176 .8
0«0
0.0
0.0
47 «9
0.0
0.0
0.0
0.0
0.0
0.0
0«0
0.0
0 .0
0 «0
0.0
0.0

C.0
0.0
0.0
0.0
0.0
0.0
85.1
0.0
0.0
0.0
0«0
0.0
0.0
0.0
84 .5
0.0
0.0
0«0
46 .8
0.0
0.0
0.0
0.0
0.0
0.0
0«0

BRI R N NECRNE RN NCNE R R NE N N AR R K B K EE O BE T N EE R N N R EE R N R NE AR N AR IR R KRR R AR R BE NE N N BE BE BE R NE BR NE R SN N NE B B N

4.3
1.4
84.0
85
0.3
191
0.0
0.3
4.0
0.0
0.0
239
O.1
1e7
O.l
0.0
31.8
0.8
0.0
Oe7
31.9
17
Oel
0.0
2.0
4.1
1e4
0.0
4.1
1.4
0e2
401
1.4
81.0
Be2
O3
1845
0.0
Je3
3.9
0.0
0.0
23.0
Oel
1e6
Oel
Qo0
17 «9
0.8
0.0
05
179
16
Oel
0.0
2el
4.0
15
0.0
440
1e5
0e2
440
1.5
79.1
8.0
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*% NB DNCK

*x NDOCC PL &

* % ADD PL 4

* % wR

% S_FW DE”PLNY
*%k NB DEPLOY

* k D39 PL 4
kk THIYST FR PL
* & wR

% S_fw IMU TOI
*% NA MU TO1
*%x TOI1

* %X FC IEACT & MNP VENT

Xk WA
%k S_Fw MCC

*% NBR W(CC

*x%x MvCC

x%x W8

% S_Fw@ MU POI
* % NA MU PO

* K 9)1

* % FC IEACT & MOS VENT

%k WNR
*%x S_EW MCC
¥ N3 wCC
LR MCC

* % WA

3

*% S_Ew MU CIRC

*% NR IMU CIRC
k% CIXC

kk WA

% S_.Tw ADJ

*xk NA ATJ

%  ADJ

*& N8

% S_Fw ENS CARPTLIE ST
x % NR 1S CADTURE ST

* % CINT INGENCY

TOTA_S

1e7¢(

*i**************&*********%*********I{

16826., 9
16826.6
168C8.5
218C8.5
218C8. 3
21804,5
218044, 4
16804.4
16781.6
167793
16777, 7
16777. 3
G775 5
G651, 8
G6ESCe B
S6ESCed
S6HS5Ce 3
S628e 3
GE2 7.4
G6H264 5
G626+ 0
681 8. 5
6654, 7
€6G4, 0
666347
€693, 6
66834 7
€683. 0
6662+ 4
668146
4468, 0
4467, 8
44 E£7. 6
445G, 8
445G, 7
445G, 5
4458, 1

******l"*****l********l**********li*'*

0.0
Oe.C
5000.0
"0e0
0,0
0.0
=-5000.C
0.0
0.0
0.0
Ce0
O 0
0.0
0.0
0.0
0.0
OO
0.0
0.0
O C
0.0
0.0
Je0
0.0
0Oe O
Oe C
0«0
0.0
Oe O
0.0
0.0
0.0
0.0
0.0
%.0
0e0
Oes C
0.0

LA R B B B R B N I R S R S U R T S R Y 5 X BB BN NN N

16826.6
16808 .5
21808.5
21808.3
21804.5
21804.4
16804 .4
16781.9
16779.3
16777 .7
16777.3
S7755
G651.8
9650.8
€S04
965043
362843
9€27 4
G626.5
9626 .0
6818.5
6EG4 .7
6694 ,0
66G3.7
669346
6683.7
6683,.0
6€82,4
6681.6
4468.1
4468.0
4467.8
4467.6
4459,8
4459,7
4459,5
4458.1
4268.1

LR S AL S R I 25 R B R N B NE NE BRI N AR S S S * %

0«0
0.0
0«0
0.0
0.0
0.0
0.0
0«0
0.0
0.0
0.0
7001 .8
0«0
0.0
0«0
0«0
0.0

U o0
0.0
0.0
28075
0.0
040
0«0

0 .0
040
00
0.0
0.0
221345
0.0
0.0
0«0
0.0

0 «0
0.0
00
190 .0
ok K 3ok & ok ok
57938.0

i*l5****4*&*1***4*************i**fi*’*

O3
18.0
0.0
03
3.8
0.0
0.0
2205
246
1.6
Oet
0«0
Oe0
0.9
O0e5
Oel
2240
0.9
0.9
05
060
0«0
0.7
0.3
Oel
99
Oe7
0.6
Oe7
0.0
Qel
0.2
Oel
7.8
Oel
0e2
1.4
0.0
¥ 3k ok 3 ok ok ok K
101G.6
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TUG DELTA=V 3WGET

CONFIGe CONCEPT a10a0- Z

1-STG SIVCS 4 PL IN GEOQS=-=BRG PRTS BK

DV MAIN DV APS
2 %k ok ok k k LE R ELE SR
1 THRUST ST * 0e 0 % 0e0
& T21 * 742440 % 0.0
11 vcc * 0.0 * 2240
1S vI1 * 5874¢ 0 * 0.0
20 To1 * 3040 * 0.0
23 wcc * 0e0 =* 0.1
26 TO2F * 0e O = 35.0
29 DICK PL 1 * Oe O * 8.0
35 THRUST FR PL 1 * 0.0 * 10.0
39 PII * 47. 0 * 0.0
43 vCC * 0s O % O0e2
47 wa1 x 47.0 x 0.0
51 TP 1 * 30 0 % 0.0
54 MCC * 0 0 * 0.1
87 T>F * 0e0 =* 35.0
60 DICK PL 2 * 0e O * 8.0
66 THRUST FR PL 2 * 0e 0O = 10.0
70 231 * 1100 = " 040
74 MCC x Ce O % 0.3
78 MJ1 * 1100 % 0.0
82 T21 * 3060 % 0.0
85 MCC * 0e 0 x* 0.1
88 To2F * 0. 0 % 35.0
91 DiCc< PL 3 * 0.0 * 8.0
97 THRPUST FR PL 2 * Ce O ¥ 10.0
* K Py1 * S44 0 % 0.0
T k% MCC x 0s0 x* 0.2
* % Ml1I x S4e 0 % 0«0
x ¥ T21 x 3060 % 0.0
k% MCC * 0e 0 * 0.1
*%x TOF * Oe O * 35.0
* %k DOCK PL 4 * 0e O =% 8.0
L ] THRUST FR PL ¢ %x 0e 0 % 10.0
* %k TII * 5874 0 % 0.0
*% MCC * 0e O * 17.0
*%x PI] * 37SCe C * 0.0
* % MCC * 0e 0 =% 11.0
* ¥ CIRC * 43766 0 % 0.0
* % ADJ * 0e O % 13.0
* % CINT INGENCY 1.7¢( * 473.6 % 0.0

Khkkkkkk A ok kok ok ok
T TYoTaLs ' 28313. 6
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6.3.5 OPTION 3A

6.3.5.1 CONCEPT 2310-3A
GEOSYNCH DEPLOY PERFORMANCE

REFERENCES:

Q- 3A10-1 Concept Definition, Issue 1, dated !GVAug 1973
b. 881M047- 73054 ," Tug Requirements , Revision 2" dated 15 Aug 1973

Y
3

A .. -

GENERAL INFORMATION

Wrixep = 3173 |bs Isp= 338.0 sec

Waoapiee = 1223 lbs ISPE= 0983 19P = 322. 25 gep

e e e AV = 129467 fes
W= Plle - WapaeT = 65000 - 1223 OV 13885 fes

W= 63777 lbs

Weot = UJ;.“Drz(opnsumaloles) €= 0.17 (dep(oﬂ)

= 3173+ 0.17C

TL\s Lenﬁ'\\'\-‘ Ly = 297 in
Orbiter PlL Bay Length = (,

Available /L Lenﬁ*h = Lo 'LT = LP ‘
LP = 720"297 = 423 |ln = 3225 r',f

NASA MISSIONS

SINGLE. P/L. DEPLOY

Weo (pepiey) = Weox = 3173 +0.17(354) = 3233.18 1bs

See

 WeIL (oeploy ) = F(6377T Iks, 3233 1bs, 332.25 s, AV) = | 54177 [bs Fig 43.3.2-

PAGE G.3- g9




CUNCEYTT 310-3A (cont)

MOULTI - P/L. DEPLOY

Weo (muth- pa) = Weor = 3173+ 0.17(534) = 3263.78 Ibs

See
Weh (mutki-pp) = P(u).;,wgo,ISPE,Avu,AVQ,AV°)= Fig 4.3.3.2-

AVy =£(¢=60") = 292 fps

DOD MISSIONS -

Weo = Weo (nasa) + AWcomm

T Weo (NAsA) + /l?)- 2

SINGLE P/L DEPLOY

Weo(oeptey) = 3233.18+13.2 = 324(.38 lbs

Wer (oeptoy ) = Flwi,weo, Ispe, AV, A ) = | 5369 lbs

MULT\ - P/ DEPLOY

Weo (matti-pry = 326378+ 13.2 = 3276.98 Ibs

See
Wer amathi o1 ) = £t wWeo, 1508, 404, &VG, AVD ) = Fig 4.3.3.2 -

AVg: (o= e00) = 292 Fes

PAGE §.3- 70
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CONCEPT 3I0ORE-3A
GEOSYNCH PERFORMANCE

. REFERENCES:

Q. SAIORE -1 Concept Definition, Issue 1, dated 16 Aug 1973

b. B8imo47- 73054 ," Tug Requirements , Revision 2," dated 15 Aug 1973

GENERAL INFORMATION

ISP = 338.0 sec

Wrixep = 3396 \bs
Wapapt = 1223 Ibs ISPE= 0.983 TSP= 332.25 sec

Werey = 107 lbs

AVo = 13967 fes
AVp = 13885 fps

AVoo = 30 fps (Retvreve)
AVoo = 130 fps (Round Trip)

A\/¢ = (‘(Q"'(oO") = Q CPS (Mul'}\"beploj)

Wi = P/L,-Waoaet = 65000 - 1223

W= 63777 lbs

WeoT * Wewep + X (Consumnklcs)

UJBp'[ = 3396 +X_C

K= waaeplog) 5 O.28 (Retrieve) 9 92 (Reynd Tr','F)

T“ﬂ Length = Ly = 297 in
Retrieval Delay Meodule Length = Lg = 36 in % RDM diameter =10 {}

Orbiter P/L Boj Lens'\’h =1, = 720 n

Available P/L Length =Lp = Lo-(Ly+Lg)

\

35.25 £+ |wio rom
32.25 £t |ww ROM

720 - (297 ) = 423 \n

Le

"

720 - (297434 )= 38T in

1
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CONCEPT 310RE-3A (cont)

NASA MISSIONS

WITHOUT RETRIEVAL DELAY MODE

smg'le P/L
Weo (veploy) = Weor - Werey = 3394,+0.47(354) - 107 = 3349.18 1bs
Weo (retreve) = Weor = 3396 +0.28(496 ) = 3534.88 lbs

e (aund Trip) * Weor.= 3396+0.27 (416 ) = 3562.32 lbs
\
\

See
Wey, (Peploy) = r(wi,u)s.,IsPE‘ AV, AVy) =] 5026 Ibs Fig,
Wt (retmeve ) * § (Wi, Wes, TSPE, AVl AV, V) = | 1018 “Ibs - g
Y iy FC T ) =] 1096 Ibs g,

Multi - P/L's
wBO(Deplog) = Weog - Wevev = 3396+ 017(534) -107 = 3379.78 tbs

wBD(SUih'-Deploj)= u)BOI = 3396 + 0.27( 6l ) = 2562___'—3—2-“)5

oupd Tr.P
_ F|'9
Wy, (MuH'i-DeplmJ) = F(ws,wemxspe;AVu,AVMA\/Q) =
: - Fi
wP}L(‘Lﬂu”‘l' DfP.‘OS\ = ‘P( ! ) * '3
unl‘-'rnr /

WITH RETRISEVAL DELAY MODE

Weorpy = Weor = 3296+ 0.27 (619) = 3563.12 Ibs

wPIL. = { ( P/L vepravey , Ploesepien) = Fig
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CONCEP | 310ORE-3A Ccor.

DOD_ MISSIONS

Weo.* Weocyasa y T AWeomm

= Waocuasa) + 33

WITHOUT RETRIEVAL DELAY MODE
Smale P/L

Weo (peploy) = 334918 +33 = 338218 Ibs

Weo (getrieve) = 3534.88+ 33 = 3567 88 lhs
Weo Copund Trip)” 356232433 = 3595. 32 lbs

A },*)EILCD_G_P\oc))ll:g(wi,wea,tgpﬁ,AVu,L\Vp) = | 4905 lbs Fig
Wl ( Retmeve ) * FCw&,“’eo;IsPE/BVV,AVoo,.AYp): 1554 Ibs Fy
We (Round Trip) = T ( v )=] 1062 1bs IRq

Mulﬁ-P/L Deploy
3

Weo = 3379.78 +33 = 3412, 78 lbs

Wer = £(wi, wes, Tspe, NWu, V5, BV8) = | Figq

"WITH RETRIEVAL DELAY MODE

Use NASA performance

PAGE G.3- 73




-Z2°€°¢c 'y ATGVYL

SATLINMLISNES  AaVvVOT Avd

VE -340I1E/0le 1Ld3ONOD

byro- yvo- L€ L.OO O\ -
digl QNnoy
OL0- 190~ 23 ol1-0 LE "I -
JA31¥13Y
oz 1~ 091 - 26 L2-0 29-¢ -
AO1d43Q
(533 /5> (sd3/san (23s/59n) (a1/ sa (al/sap
AV ARNCANIT AV QNNOBLNO [3qnuny 214103dS | AnDism AvILING | LHDaM a3xid
el /4 oL /d oL /d oL /g ol A/4 3a0OW
NAVQ/WRQ | 1rAVQ/1dQ | 9SIQ/ 140 SMQ/1dQ | a34ME/40 INYRE
ALIALISNIES

74

6-3-

PAGE



CETEY weom4

S QUM N
POOEGUNIEE PN
SRSRRSUREY Dirnes

SRR S PENROGSD R RS S
SETY euet Resee ke ety SRSERS:

QT-LW& ixrtl PSS

G |

D R ..
T I S Tt R -
R ia s .
e e rdeaaa -

e b a3

RN STLPS pENes POSGS PROSS RENNE PSS SPESS FOLHE SSGNS SRIDE S DI

PIARS

7C

SINEEY DHSGT RES RN et DM I SNDEN

PP SRS DINRSE SRDIE DO IS
FODRS HOOUE HRONE SRGEE HONESEEEIT
PRESETERUS DRONE FRGH | SRSE SN
EDIRS By i hall ot e ot o

6,3-

SORGS SRty

b T + ~
. e ddad po-—t - + ——— -+ v
— e Frtrgbtee ity + -
P IIITT : OO FREEE SRR 88 e
g pegdl fagsn basys iduns Tty [fe)
SU Y oSpus PR SRS S OS@g SPRGY e -y
QI Y Bl - M =~
Sy S0y SOeOS Seung SEns Beit a.

b e b

ARIPONE RIS SIS SN SO SIS

HEDRENY SIS SPEIN
e d

IPEG FOTS 4 HEUBEY SNSP PGPS Euwe
PSS SESES SRSDA SEThl SeSank S Se!
4 Shsncution ROCEY Soint pebus oo

bove cdacan

— et e R T ey ape SOBEE ST PRE SEEDE | s bao et bovrpfeiabede f NI IR
b b PRI - N 6.4.+vo.v MPEME Dy SUGLENE BSENDE e faben
ST IPORE RNEDE DO [RR SN DRDRE BREH TS TR SMdut ey § O R
S <] R Shek I L
£z 3134 10w g=s ety
oveon: AREEL I i T B IRe pagen
et Sonns [ PGS SR boooone § n e PUPEFEE I PUNPENDESES

e e e IR I Ff

SRR OREEE SRS SRSRY PO IINNDE DEENINS SUEIN e d o [ PR Sy
— b e b ..oi.r(il(c.olv..h..f' e At B e B R
PORMPREUIOE ST SINDE SIS SRS PIENE PO [RORE Sy | DN OIIN
e e s R e N R TR T PORSE SR [P SENb
~c ~
PUNPUNRDE SN SN SDIDEIES PRI, 1, - PO . e b
R P :fir,l}wr.a.. e b wr.ﬂuy.f )‘.i.e,ug pa GG
S b ST AT SIREE Py sipipoth Siode shbud bhusd
IPPRDSITOS POORE SADDE SRISE 51N S HDEE SEe . Sofeeotiial pagne
PRSP gy g m}m ot d g boy e d e e
: . XS SSEesben fgas feate st fos
pooy |2 SERRE fORPERNE OIS NTEEN RS
; pos ——— G S a4 414+ PREEE BPNOESNDLE DEADS BEASE .
. Y ) T —
3 s L Reves ENme PN PR e S o SHPORDE NI SN NDEEr SIS (NI SR I
] JRGEE Buaeh SRge —_ TN == b 3 wT i PRSuS DROR4
¢ : . s P fsnas T + s .
¥ . y e + 4 — S Be¢ - e 4 sooey H'OQAHLD pos

' v 8 ‘A NI ICVYRW HONG 4TVH ¥3d Ot X 01 .
*03 N3IDZ1310 AINIANI ¥33dvd HdviS N3IDZLIIQ %0L-vare "ON ‘




SODEE

et

RPN R

POOMIFIEIIE SIS

O B B e §

1t
4t
PO

ehesdoaas
s beras

POSY PRSP POPS:
Poiomi it

ks -+

SRS 1

Tev
R
P ug SOUHSSRGRE BERGS FRDSE SSGbe
SRt RstE SRR SORISEPeE SN TS
! PP BOae ——-

T
- +

e

UG HS BAS SN NESES APREY SRR B Y PEPS

N N e R B

PRERG Sowe ot t §+ +rt

At

- - +

: s et it

T T
t 123 DI 5 004

v '8 ‘N NI 3QYA
‘00 N30Z13!C ANIENT

HINI 4VH ¥3d Ot X Ot

¥IdVd HdVHO N3IO2131Q ¥Di-vaPE ‘ON

[P SRR
JOSSHSEE SOBPHeEEY
SUSSRSRE SOBRBOENEES SIS PEp:

[ e S R o

SUBTPOTIES SEAEE SRS DI

e e S [ PN




Zreet 3HNODIA

HRaN _ N R
i 1 IR
: +
- - [ { . . 1
TG NTTORAOTAS Y O | %74 RN
t
- ‘ NENN T oD
m T A
N it S :
N +hhid e
H ~7 i
: - T
- i 4|._ t‘[. -
- - et L
»w » - “ITY.U_I { ~-
I . T
_ e
RN SEEBENNORS
S TH——
| SN NA LV
3 ; SEEERatw s
, | To
— = gununnllne
~ TMMIA
Ny ISRl
_ Iy Saaenail
. 2 . s .
S SRR
N A 4 f,ﬁ 1
/ L TR
| / . e
] ~] - } -1
- : i
T ; ENNE
=
- 4
] ] i B
934 S P~ P RS
e e
3 . : T
! =y BERN | ]
"7 T 1T
N
o
RN
\ 4 i
Aol
re ] AT Sooa——
N i/ 3 T Sgu= T w -4 T 7
P R R rri
= R N S
— 1 i | -
7 | in
AY, !
{ T
N i ] r
} { } H
. ‘0D ¥ASSE ¥ N1W44NIN '
°. ® ‘¥'s'A N1 30¥YN SAHONIOI X L

€040 91’ HONIIHLOL O X O}

g

2

7&

Ged=

AL

P




<

CEr 3dNoi A

|
[ T T T i 1 T | A “
N
R . e K e o e
i
H 8! 4444 i1
T
P 1~

PO

)

B SN0 0 O O A

i

TR T
' ISSEt idl b4 B ; ﬁ\.me
IR s finli
+ d. M : 4= !
f ]
| RIS N0 U N I S NENR NN
I M
ditis ey amBae:
[Hib T RN . Had et - A
it % IS Y 0 S S Sy D S U SR |18 N dog-
helee
i Wi [ T
> ! i 1 i
| ﬁ* -_ * . SRR NN RSt il;w....ﬂ_w..uw .
| RN AN 15,05 16 U . 0 S S BRIVEN 0 I (5 (OO SN SN Y
' SRR 18 i ] P
hin Mt kRgn b - , 1t g i
D HJHHE | DT A TRERA R N | BEANEE =R
\.TI ™ o ! _HH \Wr_X 1~. .J T _.ﬂwvl/ F4- ﬁ#v H b 4 . W 4L ‘m!”ud;m}wl |m|
11 prtHH SRR R SR AR 1) 13 - - ! RERREEE Lot
! NI e ARNEREE i T T
T i JiH] [ AR R it | JESRRRnEe
N yes iasARRERY 1] ¥ SULTS 2L
xnnw:i {H ST s i |I.Ia
it M i Esase==s S
i Bt thiiee
/.. ._ L1 11y T T —
T R = _
{sid- N ‘ NEQE BN L - -1 1
ffi INH L] L ] 4 .
4 AN SERNE B WA J
, : N m I lJlr 44 +4 +1 44144 1 —
AR SRR 1N FHLIIAERN RN
". : — »l . , ! _4 : [ ! !
[ ACE ST AV OV i ma e I T 1]
. S D T ! ' i N H A —
Lo M_M. ,M : Jf N )
- ‘sgirggzse _ ; ” L Il s\l
[T 1J3s0geE : LT RN
e e . al M A1 Ny 1
1O ; , D i i : T ! i
V7N DU TS LS, e k] A 11 : !
B R R Rt e E A R i K Vi _
01 o Lk . e , , . =) )
WOMU Sl b *:Kiujxﬂ_ (8] ] [ i~ _TJ
[T I H Ll I [ 1 P T
| _ | ;I -
- < - [- - ~ L [ ) o~ Lo
[ -] - M~ >y
' . , ‘0D ¥ASSD ¥ IAddNAN ‘ .
L g * 'v'S°A NI IGVM  BENOISIAIG OL X $3IDAD € w¢Y—

{1 4-3"1 4

DINHLINVYOOTINIS

7%

Gad=

PAGE




.

|
-
~

f

-+ 4

-f—+
+

-
!

on
r

‘.

PAGE G.3-

i
ﬁ» i
.‘_ =T
b e i ﬁn.
L r
Hiihane SRR
i 4 AT
HHHE 2|
1 1~ P
LT AT
L - - -]
1 i A
) — B T
A TR
T gy
: B M
1 RED BREE.
444 L ..llw/ - l,l,.. .m....
TH T 7 .-L..lh
jhe ]
URpACREN muEE.
. W NN
fESEERE 4 . Tu_l
BN ! -+ ; 1]
+ 1 Lrl
- . T _ W il H
’ . . + - e H _ na ~ N 5 H._\ .M.Il
L | _ PR I Rl -
. i ! -1
e >0J9wa Paoﬁ&a muwzﬁ LT i
. NeH4H -+ 90 RN
__ doL o . it N § Hi
. s : il Ji il 11 A
i nm.u 8l'95HE & i [ _f it ﬁ 4 q ol f i 4
! I | .l HH L PN HIEEEE 3
.Umv m“m ..zw e d LL_L ” Sk i .u.y/ll ! 14 i
o ‘e . PR B T —ny 4 } i+t 17
Vo h . : [ il ! LELLE L S - “ Plagilly s
e SRLEE ..ww&pn.mqwza. Ty S s
Momp e L T 3nauaNadx3
R ) w: ] R Vb, . i
L : .;_m_ | I1 _. .% { . 1 s e
dad d d d . o o
h b o™ [ - "~ L L - - o~ P
n - L ™~ L
._ ! . ‘0D NWASSI U 1BLINI% .
. - * *V'S°A 81 10VE  ENOISIAIC OL X $370AD € wﬁv—
c6vS BY DINHLINVYDO T INES



CEEY AHNODIA

d
e
1
+
I

411
i

u

|

1

=

-
e e e

i

i

.
P I S s due o

uww O gge! m_. d

|1 [ ESeaNERRAREER prio iy
L il
_. x¢ - 444 i1, b
i J rm, - A b el
ittt zins Tnrptrte
_,1 f~ a8 Tt bl
s . T
WrL" " I SRR '
i | Hasdaanin
i i
dobey «4
T NaRS HTTETT
1! ~ o
i TSI
T at e RS
X I. : ..WT, i _.Ivlf u
R H i S
i 1
it
,_r,& i T
ol [ oF
2 | il
i
H ,w“
|
i
g ; . '
, SRR O
ﬂm\rw Fmﬂ S
4 - petde . ! »vw»f
Ty T
bECE EIPBMT -

Veo} fanl abyLe m.wfuz_ww

HAOIC kit sinstomity

o ®w N © u - o L * 0~ e w - " o o
~ . -
' ‘ ‘0D NESSE ¥ 1BddnaN .
~ S YA mIVN  ENOISIAIG OZ X $3124D €
Z6vS oy DIRHLINVOOI 1waa w.oz

[l ]

PAGE (. 3=



Zcey 3unoid

H RUQUENY NBIEEE .

T

:
%

Dot

[ SR e,

.-
i

e —

+ 1 i
&% T
b L34 Lo ] )L
] pT
%__ b -+ o Wﬁt
T ~ SRR URNEY _ 1t
A_mm t
| julsnsses parsii |
- b4—4- ¢+ —1 N ;AAA
i T TR il
H ) y .IM‘TI ,_!l.l;.x_L..,' - M. ) dr
“:‘ i i 1 ! REEEA AIJ_I.‘J ¢ M TN H IN 4 '
T T T
SEN) pRSY . 44 N b »y.nv - 1 |7,anan
it ] A linss ceamRiit LA A TH TS .
i il | T PR #o ! i
i A fidilaetbenssutlitiny s ' A=
i tene ol JRaRgeans T At 06 T T
ik sat 8 _ il R
i Hiisss i
1 iniee [ T it 09 Vil N
A1 1444 | -1 L4 1AA\. 4 » ﬁ, ”(v.i
: 4 2
T At THH 2 ﬁii% w?-
1t ] ! i ’
i14 3 ' { - : - i
xy w g T T =
T 1 q y L4 | H i "~ \”
T [¢

-1 4+
g e b
+
1
1

PR o et

-

Vil
an®

10

QNNoY QUTIAbMLL

.

a1k
rededrets

L

28 2ose EH _
. . 1 ATRRANS L] w /4 1]
il HIEH ]
kit
ittt
| it
o - « ‘ - - o R o W ™~ 0 [, -t [ o~ -’

‘0D NASSA ¥ 124NN
. * 'v'S°A NI 3OVE  SNOISIAIO OL X SAIDAD € wox

f Z6VS OV  DINHLINYDOVINIS



PAGE 6.3~ 83

TUG WEIGHT HISTORY

CONF 1G.

CONCEPT 0 310RE-3A

1=STG DEPL 1 PL IN GEOQS

wT BEF DLY PAY WT AFT PRO-MAIN PRO=APS
L X133 1] kkkEkk kX &k k& kkgk Sk k kg L2 XXE2 %]

1 ST THRUST * 63777.0 * 0¢0 * 63777.0 * 040 * 040
2 NB RELEASE ST £ 63777.0 = 0e0 ®* 63777.0 * 0.0 * 0.0
3 w8 ®___63777.0 =* 0.0 * 63776.9 % 0.0 * 0.0
4 SLEW IMU POI * 63776.9 * De0 * 6376D.4 * 0.0 * 1645
s NB IMy POI & 63760.4 % 0¢0 % 6376043 # 0.0 * 0.1
6 énx 3 6372€0:,3 * Qa0 % 43189.9 % 20S570.4 * Qa0
7 w8 * 43189.9 % 0.0 * 43189.8 * 0.0 * 0.t
8 SLEW MCC * 43189.8 =* "De0 * 43184,2 * 0.0 * Se6
9 N8B MCC * 43184, % 02,0 * 43184,.,2 * 0.0 = 0.0
10 MCC & 43183.z *% 0.0 * 43109.0 * 0.0 * 75.1
13 w8 ® 43109.0 * 0e0 * 43109.0 = 0.0 * 0.1
12 SiLEw _IMY TOI % 43109.0 % 0.0 * 43097.8 =% 0.0 * 11,2
13 NB IMU TOI % 43097.8 % 0e0 * 43097.7 * Ge0 * 0st
14 VOI ® 439S7.7 ¥ 0¢C * 30156.7 & 12941,.,0 * 0.0
15 _FC REACT & MPS VENT % 30156,7 % Qe0 * 3013B.4 * 0.0 * 0,0
16 w8 # 30138.4 * 0.0 & 30138.1 * 0.0 * 0e3
17 SLEW MCC * 30138.1 # 0.0 *= 30134,2 » 0.0 * 3.9
18 NB _MCC & 30134.2 % = Qa0 %  30134.2 % 0.0 % 0.0
19 MCC $ 30134.,2 * 0e0 * 30085.8 * 0.0 * 48.4
20 w8 & 30085.8 % 0«0 * 3008546 * 0.0 * 0e3
00777 * Oa0 * Ze8

22 NB IMU MOl * 30077.7 * 0¢0 * 30077.6 * 0.0 * 0.1
23 MO1 * 30077.6 * 0.0 * 175671 % 12510.6 * 0.0
24 FC REACY £ MPS VENT & 17567.1 % 0.0 % 17548.8 % 0.0 % 0.0
25 wB * 17548.8 * 0.0 * 17548,7 * 0.0 * O.l
26 SLEW MCC & 1754847 * 0.0 * 1754644 * 0e0 * 203
27 N MCC % 1754604 * 0.0 = 175464 % Q0.0 * OQO
28 MCC # (7545.4 = 0.0 * 17504.1 % 0.0 = 42.3
29 wB & 175Ca.,1 * 0.0 * 17504,0 * 0.0 =* Oel
— 30 SLFW DEPLOY & 17504.0 0 0,0 % 17501.8 % 0.0 * 2.3
31 NB DEPLOY # 17501.8 * 0«0 * 175C1.7 * 0.0 * Oel
32 DROP PL 1 % 17501.7 * =5423,1 ®= 12078.,6 % 0.0 = 0.0
33 IHRUSY FR_PL L 120786 % Q.0 = 12062.4 * D20 » 16«2
384 w8 * 120€2.4 * 0.0 * 12062.4 % 0.0 = 0.0
35 SLEW IMU TOt 2 120624 * 0¢0 * 12061.8 * 0.0 * 047
36__NB MU YOI & 12061.8 = Qo0 * 1206145 % 0.0 * 0.2
37 voI * 12061.5 * 0.0 * 7050.4 * S011.1 * 0.0
38 FC REACT & MPS VENT +# 70504 * 0.0 * 7032.2 * 0.0 * 0.0
39_ WA . 7032.2 * 0.0 * 703004 * 0.0 * 1.8
40 SLEw MCC Y 7030.4 * 0.0 = 7030.2 * 0.0 * 0.2
41 NB MCC * 7030.2 * 0.0 * 703041 * 0.0 * Oel
42 NCC $  7030a.1 =% D0 = 791322 % Ce0 % 1629
a3 w8 * 7013.2 * 0.0 = 7011.4 * 0.0 * 1.7
44 SLEW IMU POI s 7011.4 * 0.0 * 70111 ® 0.0 * 0.4
45 NS _IMy POI * 7011.1 = 0a.0_=% 791Q.8_=* Qe0 % De2
a6 POI! * 7010.8 = Ce0 = 4914,3 * 209646 * 0.0
47 FC REACT & MPS VENT * 4914,3 * 0.0 * 4896.,0 * - 0e0 ® V0
48 we x 48G6.,0 * D0 =% 4894.9 * 0.0 * 1%
49 SLEW MCC * 4894,9 * 00 * 4894.7 * 0.0 * Cel
50 NB MCC * 4894 .7 * 0.0 * 4894.,6 * 0.0 * 0.2
=1 MCC ® 48G4,6 % D20 = 4886a.7 * 0«0 % 7.9
52 w8 * 4306.7 * 0.0 = 4885.5 * 0.0 * 1.3
53 SLEW IMU CIRC . 4885.5 * 0.0 = 4885.2 * 040 =* 0.3
___ﬁA__NB.QlRC__-___“___L___t___1555.2-1__,__n.0_1.__3884.9”!_.___ﬁ0.0.‘,<,-, Q.3



$8 CIRC

L

4884,9 =

0.0 &  3325.4 *  1559.5 = 0.0

S6 w8 * 3325.4 @ 0.0 *  23324.8 # 0.0 * 0.6
— 57 _SLEW _ADJ $__3324,8 % 0.0 & 3324.7 % 0.0 & Q0.1
" 58 NB ADJ ¢ 3324.7 ¢ 0.0 &  3324.5 » 0.0 0.2
59 ADJ *  3324.5 # 0+0 &  3319.2 * 0.0 = 53
60 w8 & __3319.2 % 0.0 % 331648.% 0.0 8 ____2.4
61 SLEW EOS CAPTURE ST *  3316.8 ¢ 0.0 *  3316.7 * 0.0 ¢ 0,1
62 NB EOS CAPTURE ST * 3316.7 = 0.0 * 3314.4 » 0.0 = 2.2
63 CONTINGENCY 1,.7¢( L 3314.4 * 0.0 % 3173.2 & 141.2 & 0.0
Ehkkkkkk kExkkkkk
TOTALS 54830,3 277.3
O
rjf . TUG DELTA-V BUDGET
el .
. 310RE-3A

1-S7G DEPL 3§ PL IN_CEDS

i DV_MAIN OV _APS
EX 222 2T (22 1222
1 ST THRUST & 0e0 & 0.0
‘ & POl * 4236,0 % 0,0
! 10 McC * 0.0 * 13.C
! 14 voI *  3883.0 * 0.0
' 19 MCC * 00 * 12,0
23 MOl * §848.0 x* 0.0
28 MCC * 0.0 * 18.0
33  THRUST FR PL * 0.0 = 10.0
4 37 7101 * 5839.0 * 0.0
42 MCC * 0.0 % 18,0
46_ POI _ * 3864 .0 ¢ 0.0
51 MCC * 0.0 = 12.0 .
$5 CIRC * 4182.0 * 0.0
59 _ADJ * 0e0 * 12.0
; 63 CONTINGENCY 1.7( * 473.5 =» 0.0
) LR 22 T T CEEERREAR
{ TOTALS 28325,5 95,0
I{ .
¢
-

PAGE £,3-
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PAGE 6.3~ ¢5

TUG

WEIGHY HISTORY

CONF1Ge CONCEPT O 310RE-3A

1-STG DEPL 2 PL IN GEQS

wT BEF DLT PAY WT AFT PRO~MAIN PRO-APS
: Sk kxkkk Ak ks EEK B khkEEE kK kokkk ok ok ko ok
3 ST THRUST & 63777.0 * 00 * 63777.0 = 0.0 = 0.0
2 NB RELEASE ST ® 63777.0 * 0.0 * 63777.0 x 00 * 0.0
3__ w8 & 637770 % 0.0 % 63776,9 * 0.0 * 0.0
4 SLEW IMU POl ® 637765 * 0.0 * 63760.4 * 0.0 =* 1645
s NB IMU POI * 63760.4 % 0.0 * 63760.3 * 0.0 * 0.1
6 POl ® 637603 * 0.0 * 43189,.9 * 20570.94 * 0.0
7 w8 & 43189.9 * 0¢0 * 43189.8 * 0.0 * 0.1
8 SLEW MCC * 431689.8 % 0e0 * 43184,2 * 0.0 * Se6
9 _NB MCC & 43184,2 * Os0 & 43184,2 * De0 * 0.0
1¢ MCC * 43184,2 * 0.0 = 43109.,0 * 0.0 * 7501
11 w8 * 43109.0 * 0«0 = 83109.0 * 00 = Ol
—.12 SLEwW IMU TOI €  43109,0 * 0.0 % 43097.8 % Da0 * 1122
13 NB IMU TOIl & 43097.8 = De0 ® A&30977 = Gel = sl
18 TOI! & 43057.7 * 060 * 30156.7 * 12941.,0 = 0.0
15 FC REACT €& MPS VENT & 3015647 * 0.0 * 3IN314,7 * 0.0 * 0.0
16 wB £ 30114.7 * 0.0 * 30114.4 = 0.0 * 0.3
17 SLEW MCC * 30114.4 * 00 * 3011G.5 = 00 * 3.9
18 NB MCC %  30110.5 * 0.0 * 30110.5 =% 0.0 * 0.0
19 MCC % 30110.5 * 0.0 * 300621 * 040 = 48.4
20 w8 *  30062.1 ¥ 0¢0 ® 30061.8 * 0.0 * 0.3
21  SitEw IMU ™MOX £ 30061.8 % 0.0 & 300S54,0 * 0.0 # 2.8
22 NB IMU MOTI * 30054.0 = 0.0 * 30653.9 * 0.0 * 0.1
23 wmol & 30053.9 * 00 * 17553.2 * 12500.7 * 0.0
.24 FC REACT £ MPS VENT ® 17553,2 & 0.0 % 317511.2 * 0.0 = 0.0
25 w8 * 17511.2 * 0e0 * 175111 = 0.0 = 0ol
26 SLEW MCC ® 17511.1 = 0.0 * 175C8.8 * 0.0 ¢ 2.3
27 N8B MCC ®  17S08.8 * 0.0 * 17508.8 #% 0.0 2» 0.0
28 wmcC & 175CR.8 & 0.C %= 1746646 * 0.0 * 82,2
29 w8 * 17466.6 % 0e0 ® 17466.5 * 0.0 ¢ 0.t
—__ 30 SIFwW DEPLOY _ % 17366.5 % D.0 ¢ 17464.3 * 0.0 % 2.3
31 NB DEPLOY ® 17464.3 * 00 * 17464.2 * 0.0 * Oe1
32 DOROP PL 1 & 17464.2 * =2361.2 * 15103.0 * "0e0 * 0.0
33 THRUSY FR PL % _15103.0 * 0.0 * 15082,.8 * Q.0 * 20,2
34 w8 * 15082.8 * 0.0 & 15081.2 »* 0.0 * 1.6
35 SLEW IMU POI & 15081.,2 * 0.0 * 15080.4 =% 0.0 * 0.8
36 NB IMu PQ1 &  1%5080.4 x 0.0 & 150803 =% 0.0 * 0.0
37 POl & 150803 =% Oe¢0 * 14836.9 * 243,5 * 0.0
-38 w8 # 14836.9 * 0.0 * 14833,3 * 0.0 = 3.6
39  SLEW ADJ ®  14833.3 % 0.0 * 314832,9 = 0.0 * 0.4
40 NB ADJ ®  14832.9 * 0.0 * 14832,8 * 0.0 * Oel
41 APOGEE ADJ & 14€832.8 #* 0.0 * 14830.8 * 0.0 »* 2.0
42 w8 % 14820.8 * 0.0 % 14827.3 * 0.0 = 3.5
43 SLEw ADJ ® 14827.3 =* 0e0 * 1482649 * 0.0 * 0.8
48 NB ADJ £ 1482649 * 0.0 * 14826.8 = 0.0 * 0.1
4% PHASE ADJ ®_ 14826.,8 % 0.0 % 14826.8_% 0.0_x* 0.0
46 w8 & 1482648 * 0¢0 % 14821.5 * Qe0 * Se3
47 SLEw MCC % 14821.5 * 0«0 * 14821.1 * ‘'0e0 * 0.8
48 NB MCC % 14821,.1 * 00 * 14821.1 * 0.0 *% 0.1
49 MCC % 1482141 = 0¢0 % 1482141 * 0.0 » 0.0
S0 wB *  14821.1 * 0.0 & 14819.4 * 040 * 1.7
&1 SLEwW _IMy MmOl & 14819.4 ¢ 0,0 * 14818.5 ¢ 0.0 * 0.8
52 NB IMU MOl %  14818.5 0.0 = 14818.,5 = 0.0 » 0.1
53 MOI % 14818.5 * 0.0 = 14579,3 = 239.2 * 0.0

S4__¥B #_ 1457923 % 0.0 % _  14579.2 % _____ 0.0 % ____ . Q.0 __



55 SLEW CORR
56 NB CORR
.. .87  CORRECT .. - -
58 wB
. 59 SLEW DEPLQOY
6Q _NB _DEPLOY .
61 DROP PL 2
62 THRLST FR PL
....83 W8 . .
64 SLEw IMU YOI
65 NB IMU TOI
_..667 T01 " N .
67 FC REACT €& MPS VENT
68 wB
69 SLEW MCC
70 NB MCC
71 MCC
72 - w8 ;
73 SLEw IMu POI
74 N8 POI
_ 15..PQI . . »
76 ¥FC REACT €& MPS VENT
77 w8
. 78 SLEW MCC
TS N8B MCC
80 MCC
81 w8 . .
82 SLEW IMU CIRC
83 NB CIRC
.84  CIRC
a5 w8
86 SLEW MCC
.., 87 __NB MCC i
88 ADJY
89 w8
. 90 SLEW EOS CAPTURE ST
91 NB CAPTURE
92 CONTINGENCY 1,7(
TOTALS

M R A R R R N G ' S

i

-14579.2 * 0,0
14578.8 » 0.0
.18870.8 0.0
14576.8 » 0.0
14876.8 » 0.0
. 14576.4 & __ . 0.0 :
14576¢3 ¢ ~2361,.,2
12215.1 =% 0.0
12198.8 % 0.0
121523 = 0.0
121916 = 0.0
.12191.4 % 0.0
712644 * 0.0
7084.4 * 0.0
.7982.6 ¥ 0.0
7082.4 » 0.0
7082.,3 *» 0.0
706542 % . 0.0
T7063.5 * 0.0
7063.1 * 0.0
. T0€2.9 * .. 090
4950,8 * 0.0
49088 * 0.0
4897.5 % 0.0
4897 .4 0.0
ABGT7 .2 * 0.0
4889,3 * 2.0
4888.1 * 0.0
4887.8 = 0.0
4887,5 *» 0.0
3327.2 * 0.0
332646 * 0.0
- 332645 * 020
33263 # 0,0
3321 .0 * 0.0
331846 * 0.0
3318,5 = 0.0
331642 * 0.0

*
*

14578.8
14578.8

*_ _14576.8

* »

LR I R R R NN N N R

PN PR

¢

*

*w e new

14576.8
14576. 4
1457643
12215.1
12198.8
..12192.3
"12191.6
12191.4
_7T126.4
7084 ,4
7082.6
_.7082,.4
7082.3
7065,2

. .7063.8%
7063.1
706249
...4950.8
4908,8
489745
4897 .4
4897,.,2
4889,3
4888,1
4887.8
488745

. 332762
3326.6
3326.5

- 332603

3321.0
3318.6
331845
3316.2
3173,.2

'b*’Qi\!*l’”’*i***i‘**Q*i’*i*llli!i"l’**i

J.0
0.0
D0
0.0
0.0
0.0
0.0
0.0
Q.0
0.0
0.0
5065.0
0.0
Ne0
Q0.0
D0
0.0
2.0
a0
0.0
2112.2
0.0
0.0
0.0
0.0
2.0
0.9
0.0
0.0
1560.3
0.0
0.0

0.0

0.0
0.0
0,0
0.0
143.,0
EEk Rk
sars,.2

TS

'l'l'l'*i‘*i-i‘lll***bi‘l**l*i*{l{*il.&i**'*r’l’

0.4
Q.1
2.0
0.0
0.4
.0e1.
G0
16,4
Gal
0.7
0.2
0.0
QeD
1.8
Q92
O.1
17.1
1.7
0.4
De2
Qe
- 0e0
11.3
Uel
D42
7.9
1e3
0.3
Oe3
Ced
D6
Oel
002
S5e¢3
2e4
Gel
202
[0 0P}
EREkEKEKKE
332R.0



CONFIGe CONCEPT O _ 310RE-3A S -

1-S76 DEPL 2 PL _IN GEQS e

DV _MAIN . DN APS e
KEkkkkkkk kkkkkkkk
0.0 0.0
k423640
0.0
3883.0
0.0
5848,0
0.0
0,0
177.0
0.0
177.0
0.0
0.0
5839.0
0.0
38€4.0
0.0
4182,.,0
0.0 12.0
479¢5 0,0
t 211 L 3] ke kEh
- TOTALS 28685,5 107.0

- 1 ST THRUST
6 _POI1
10 MCC
- 14 7TOI
19 MCC
23 MDI
- 28 MCC
33 THRUSY FR PL
37 POI1
- 41 APOGEE ADJ
$3 __MOI1
87 CORRECT
- 62 THRUST FR PL
66 TO1
71  MCC
- 78 POIL
80 MCC
84 CIRC

e »
1
|
s
|

i
i

13.0
0.0
S -7 « ST
C.0
18.0
10.0 e
0.0
1.0
0a0 e
1.0
10.0
0.0
18.0
0.0
1260 —
0.0

]

|

RN RN RN S RN R A R X

I RN IR A A A AP IR N W N

88 ADJ
‘ 92 CONTINGENCY 147¢

_ e et e e o+ . .
-
-
A4
-
-
-
’_.“__.____#~,, st e - - e e s o s i




. PAGE 6.3- 8% - _

TUG WEIGHT HISTORY

CONFIGe CONCEPT 0 3A10RE-1

. 1-STG REYR 1 PL IN CEQS

WT BEF OLT PAY wT AFT PRO=MAIN  PRO~APS
kg gkk kK kR kkkkk kg Rk g gk kkEk ok & ko ko

1 ST THRUST ® 63777.0 * 00 * 63777.0 * 0.0 * 0.0

2 NB RELEASE ST *® 63777.0 = 0.0 * 63777.0 * 0.0 * 0.0

3 w8 % _63777.0 = 0.0 * 63776.9 * 0.0 * 0.0

4 SLEw IMU POI & 63776.9 * 0«0 * 63760¢4 * 0.0 * 16.5

S5 NB IMU PQI * 63760.4 * 0.0 * 63760.3 * 0.0 * 0.1

&6 POl % _63760,3 * 0.0 # 43189.9 % 20570.4 * 0.0

7 FC REACT € MPS VENT %= 43189.,9 * 0.0 * 43168.2 * 0.0 * 0.0

8 wB * 431€8.2 * 0.0 *# 43168.1 * 0.0 * 0.1

9 SLEW MCC ®__43168,1_* 0.0 & 43162,5 = 0,0 * S5e6

10 NB MCC $ 43162.5 * 0.0 * 431625 * 0.0 * 0.0

11 MCC * 43162.5 * 0.0 * 43093,1 * ‘De0 * 693

12 wA *__43063,1 % Q0.0 * 43093,0 = 0.0 * 0.1

13 SLEW IMU TOI * 43093.0 * Ged % 43021.8 = 0.0 * 11.2

14 NB IMU TOI & 43081.8 * 0.0 #*# 430B1,7 * 0.0 * 0.1

1S __ 101 % _43081.7 * 0,0 # 30145.,5 % 12936,2 * 040

16 FC REACT & MPS VENT % 30145.5 » 0.0 * 30123.8 = D0 * 0.0

17 w8 * 30123.8 x 0.0 * 30123.5 * 0.0 * 0.3

18 SLEW MCC & __30123.5 »* 0.0 * 30131946 @ 0.0 * 3.9

, 19 NB MCC % 30119.6 * 0.0 * 30119.6 * 0.0 * 0.0
‘ 20 MCcCe ] 30119.6 % 0«0 » 300752 * Q0.0 * 44,4
21 w8 % 3007S.2 * 0.0 %  30075.0_ ¢ 0.0 * - 023

22 SLEW IMU MOl & 30075.0 * 0.0 * 30067.2 * 0.0 * 7.8

23 NB IMU MOl & 30067.2 ¥ 0.0 & 30067.0 * 0.0 * 0.1

24 ™Mol *__ 30067.0 % 0.0 * 1756049 * 12506.2 % 0.0

25 we % 17560.9 * 0e0 * 17560.8 * 0.0 * O.1

26 SLEW TRACK ® 17560.8 * . 040 * 17549.4 ¥ 0.0 * 11.5

27 N8B TRACK % __17549.4 % 0.0 * 17587.6 * 0.0 * 1.8

28 T1P1 e 17547.6 % 0.0 * 17499.3 = 48.3 * 0.0

29 SLEW TRACK & 17499.3 = 0.0 # 17487.9 * OeD # 11.4
30 NB TRACK __ & 17487.9 & = 0.0 % 174P6.7 % 0.0 * a2
31 NMCC ® 17486.7 * 0.0 % 1748645 * 0.0 = 0e2

32 SLEW TRACK * 17486.5 #* 0.0 * 17475.2 * 0.0 * 11.3

33 N8B TRAGCK & 17475.,2 % Qs0 *  17473,1 % 0.0 * 2.1

34 TPF * 174731 % 00 * 17391.,3 * 0.0 * 81e7

35 SLEwW DOCK £ 17361.3 % 0.0 * 17368.8 # 0.0 * 2246

" A6 NB DOCK $ 17368.8 % 0.0 % 17367.1 # D0 % 1.7
37 0OOCK PL 1 # 17367.1 % 0.0 * 17348.5 % 0.0 % 18.6

38 ADD PL 1 & 17348.5 * 16007 * 18949.2 * 0.0 * 0.0

29 wB % _18949,2 * 0.0 # 18947.2 % 0.0 * 2.0

a0 SLEW IMU TOI * 18047,2 * D0 & 18942.3 * ‘0«0 * 4.9

41 NB IMU TOI * 18942.3 ¢ 0.0 * 18942.1 =* 0.0 = el
A2 I0l & 18942.1 % 0.0 % 11072.5 % IB69.7 % C a0
43 FC REACT & MPS VENT * 11072.5 * 0.0 * 110507 * 0.0 * 0.0

44 B8 * 110507 % 0.0 = 11049.9 * 0s0 = O.8
&5 SILEw _MCC % 110499 * D.0 % 11048.5 * 0.0 * 1.4
46 NB MCC ® 11048,5 * 0e0 * 11048.4 * 0.0 * Ce0

a7 McC ® 11048.48 * 0.0 * 11021.8 # . 00 * 2646

48 WAB & 110218 * 0.0 *  11021.0 * 0.0_* 0.8
‘ 49 SLEW IMU POI * 11021.0 » 0.0 * 11018.2 * 0s0 * 2.9
%0 N8 IMU PQI * 11018.2 = 060 & 11018.,0 = Q0 * Oetl

51 pol *  311C18.0 * 0.0 * 7723l % 32984.9 % 0..0

52 FC REACT € MPS VENT &  7723.1 ¢ 0.0 * 770144 * 0.0 * 0.2

3 w8 £ 7701.4 * 0.0 * 7700.8 * 0.0 * 0.5
&4 _SLEWMCC ' % __?700.8_%____ 0.0 %__7699.8 % __.___0.0 % . . 1.0




55 NB QCC. - ‘ *6é9;8 * - » 0.0 =% 7699.8 = 0.0 = 0.1

. 56 MCC * 76598 & 0.0 = 7687 .4 * 00 * 12.4
-_— ST __wB _ . B __T68T7.4 % 0,0 _%____TA86.9. % 0.0_% 05
58 SLEW IMU CIRC ] 76869 ¢ 0.0 = T684,9 ¢ 0.0 ® 2.0
59 N8B IMU CIRC L] 768449 & 0.0 » T604,7 # 0.0 # Oe!l
—_—80_ _ CIRC L} T7684.7._ % 0.0_%® 82314 9 2483.3 & __ . 0.0 _
61 wB * 5231 44 0.0 = 52311 * 0.0 » 0.2
62 SLEW ADJ * 5231.1 % 0.0 % 523045 * 0.0 = 0.7
63 NB AD.JS ] $230,5 % 0.0 * S230.4 % D00 % Dal
64 ADJ * 52304 * 0«0 * 5222.0 * 0.0 * 8.4
65 w8 * $22240 * 0.0 * 52209 * 0.0 = 1ol
. 66 SLEW EOS CAPTURE ST * 52209 % = 0.0 » 5220.2 * 0.0 * 0.7
67 NB CAPTURE = 52202 * 0.0 * 5219.2 * . g.g : ;og
E * 4996.6 ¢ 22 .
68 CONTINGENCY 1.7¢( L 5219.2 0.0 exterens rrarone
TYOTALS 59901 .6 392.4

L '7
[]‘ ’ YUG DELTA-V BUDGET
'
. —— CONF1Ga CONCEPT O__ 310RE-3A
0
- r 1-STG RETR 1 PL._IN GFOS
; DV MAIN DY _APS
- Kk gk Kk ke kk
: 1 ST THRUST * 0.0 * 0.0
: 6 POl * _ 4236.0 * 0.0
: 11 MCC * 0.0 % 12.0
15 TOI *  3883,0 % 0.0
20 __mMCC * Cel * 11,0
24 MOI * 5848.0 * 0.0
28  TPI * 30.0 * 0.0
_ 31 McC * 0.0 % 0.1
¢ 34 TPF * 0.0 * 35.0
37 DOCK PL 1 * 0.0 * 840
a2 7101 *  5819.0 % 0.0
a1  MCC . 0.0 # 18.0
‘ 51 POI . 3864.,0 * 0.0
56 MCC * 0.0 & 12.0
' 60 CIRC *  4182.0 # 0.0
' 64 ADJ * 0.0 * 12.0
68 CONTINGENCY 1.7( . 474.,0 * 0.0
EEKEXE % kb kEkkE%
YOTALS v 2835640 108.1

..
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PAGE 6.3- 90

TUG WEIGHT HISTORY

CONF1Ge CONCEPT C 3A1QRE-1
-STG RETR Pt =~
WY BEF DLT PAY WY AFT PRO=MAIN PRO-APS
sk bkh ki (233138 2R3 3383 ek kkkEk kg Rk
1 ST THRUSTY & 63777.0 * 0e0 % 63777.0 * 0.0 # 0.0
2 NB RELEASE ST & 63777.0 % 00 * 6377669 ¥ 0.0 ¥ 0.0
3 ws * 637769 % 0e0 % 637764.9 * 0.0 * 0.0
4 SLEw IMU POIL & 6377649 * O0e0 %X 637604 ¥ 040 # 165
§ NB IMmu PQIl & 637604 % 0«0 % 637603 * 0.0 * 0.1
6 P01 ® 637603 * 0.0 & A43357.0 % 20403.2 % 0.0
7 FC REACT & MPS VENT € 43357.0 = 0s0 * 4333¢,0 = 040 * 0.0
8 wB & 43339,0 ¢ 00 = 43338,9 * 0.0 * 0.l
9 SLEW MCC &  43338.9 % Qe * 43333,3 % 0.0 * 7Y}
10 NB MCC & 43333,.,3 % 0.0 *# 43333.,3 ¥ 0.0 * 0.0
11 MCC  J 43333.3 * 0e0 % 432637 * 0e0 * 69¢6
i2 ¥S & A3263,7 % 00 ® 43263,6 % 020 % 0.1
13 SLEW IMU TO1 & A43263.6 % 00 * 483252.4 # 8.0 = 11.2
14 NB IMU TQY ® 43252.4 % 0«0 = A43252.,3 * 0.0 * 0.1
15 _toI1 % 43252,3 % 0,0 * 30384.8 % 12867,5 * 0.0
16 FC REACT €& MPS VENT # 30384,8 * 0e0 * 30366.8 » 0.0 * 0.0
17 w8 : % 303668 % 0.0 * 303667 ¥ 0.0 = 0.1
— 18 SLEw MCC $ 3036627 % = 0,0 % 30362.7 % 020 & 3.9
19 N8 MCC & 30362.7 % 0e0 % 30362,7 * 0.0 * 0.0
20 wMCC % 30362.7 * Oe0 & 30313.,9 * 00 = 48,8
21 wB & _30313.9 % 0.0 * 30313,.,8 = 0.0 * 0a1
22 SLEw IMU HOI & 30313.8 * 0¢0 * 30306.,0 = 060 = Te9
23 NB IMU HOI * 30306.0 * 040 ¥ 30306.0 » 00 ¢ 0.0
24 HOI & J03C6.0 % Da.0 % 30265.4 % 0.0 ¢ __ 40.6
25 wB & 30265.4 % 0.0 * 30265.3 * 0.0 = 0.1
26 SLEW TRACK ® 30265.3 % 0s0 & 30245.6 % 00 = 19.6
27 NB TRACK & 30245.6 % 0.0 * 30241.2 * 0.0 * 4,5
28 TPl * 3024i.2 * 0:0 & 30157.9 * 83,3 = 0.0
29 SLEW TRACK * 301S57.9 % 00 = 32138.3 * 0.0 * 196
30 NB TRACK & 30138.3 * 0.0 & 30136.8 % 0.0 * 1.5
31 MCC & 30136.8 * 0¢0 & 3IND136.4 % 0.0 * O
32 SLEW TRACK * 30136.4 = 0.0 * 30116.,9 * 0.0 * 195
33 NB _TRACK &« _3203116.9 * 0.0 & 30115.4 * 0.0 % 1.5
34 TPF * 30115.4 % 0e0 & 293748,5 * 00 * 140.9
35 w8 & 29978,5 ¥ 0.0 & 29978.2 * 0.0 * 03
36 SLEW DOCK $ 29974.2 % 0.0 ® 2993S5.3 # 0.0 % 3R8.9
37 NB DOCK & 29935.3 * Ce0 ® 2993S.1 * 0.0 * O0e2
38 DOCK PL 1-DKS ® 29935.1 % 0s0 % 29903.1 = O0¢0 * 321
—39 ADD PL 1-=DKS & 29903.1 * 16373.1 * 46276.2 % 0.0 * 0.0
40 w8 ® 46276.,2 * 0e0 * 46275.9 * 0.0 * 0.3
41 SLEwW IMuU TOI & A6275.9 % 0.0 * 46263.9 * 0.0 » 12.0
42 NS IMy TOIX ® 84626329 * 020 * 46263,.8 * 0.0 * 0.0
43 7101 & 46263.8 * 0.0 * 41809,3 * 4458.,6 * 0.0
44 FC REACT & MPS VENT & 418C9.3 = 0e0 * 417913 = 0.0 * 0.0
45 wB & 4179193 % 00 % 417913 * 0.0 * 0,0
46 SLEW MCC % 417G1.3 * 0.0 * 41785.8 * 0.0 * Sed
47 NB MCC % A1785.8 ¥ 0.0 & A41785.8 % -0e0 * 0.0
48 NMCC & 4178508 % 0.0 & 41769.0 * ‘0l % 16.8
49 w8 * 4176G.0 % 0.0 * 41765,0 * 0.0 = 0.0
50 SLEW IMU POT ® 41769.,0 ¢ 0s0 & 41758.2 % 0.0 * 10.8
1 NS IMy BOR * _A1T7E0,2 * 0.0 * 41758.1 % 0.0 * Dal
s2 POI ® 41758601 ®* 0s0 * 298302 * 11927.9 * 0.0
S§3 FC REACT & MPS VENT & 29830,.2 = 0.0 * 29812.2 * 0.0 = 0.0
.54 w8 : ®__2G812e2 % _____ _De0 % _ 29812.0.%____ 0.0 % _.___ 0.1 .




SLEW MCC

LY

25812.0

0.0 »

29808.1

55 * * * 0.0 » 3.9
. §6 NB MCC * 29808,1 % 0.0 * 29808,1 * 00 = 0.0
57 __MGC $ 29808.1 % 0.0 % 29760.2 % 0.0 » 479 __
‘ 58 w8 & 2976C .2 * 0.0 * 29760.1 = 0.0 * 0.1
: 59 SLEW IMU CIRC * 29760.1 % 0.0 & 29752.4 * 0.0 = 7.7
60 NB IMU CIRC *  29752.4 % 0,0 % 29752.3_% 0.0 % Oal
61 CIRC *  29752,3 = O0e0 * 20339,8 * 9412.5 * 0.0
62 wB & 20339,8 * 0e0 & 20339.1 % 0.0 = 06
i 63 SLEW ADJ * 20339,1 = Q.0 & 20336.5_x% 0.0 * 2.6
; 64 NB ADJ X 2033645 ¢ 0.0 * 20336.5 * 0.0 * 0.0
| 65 ADJ * 2033645 * 0.0 * 20303,8 » 0.0 x 32.7
! 66 _wh 2203038 ®* == 0.0 % 20303.2 % Q.0 % 0.6
67 SLEW EOS CAPTURE ST % 20303.2 * 0.0 * 20300.5 * 0.0 * 246
! 68 NB EOS CAPYURE ST * 20300.5 = 0.0 % 20300.3 = 0.0 x* 0.3
‘ ’ 69 CONTINGENCY 1,7( *_  20300,3 * Q0.0 * 19769.,2 * 531.1 * 0,0
kR kkEk® ke Ekkik
TOTALS $9680.2 628.6
()
. E TUG DELTA-V BUDGET
'l
e CONFIGse CONCEPY O  310RE-3A
. _ 1-STG RETR 1 PL=DKS IN GEOS
i
: DY _MAIN DV__APS
k&R EX L2 2 22222 ]
1 ST THRUST * 0.0 * 0.0
. & ___POI1 % 4194.0 * 0.0
H 11 MCC * Q0e0 = 12.0
' 15 TO1 * 384040 * 0.0
20 MCC %* 0.0 = 12.0
24 HO1 * 0.0 = 10.0
28 TPl * 30.0 * 0.0
, 31 MCC * 0.0 * 0,01
i 34 TPF . 0.0 * 35,0
38 DOCK PL 1-DKS %= 0.0 = 8.0
43 __T01 * 1101.0 = 0.0
. 48 MCC * 0.0 = 3.0
52 POl * 3658.,0 * 0.0
$7___MNCC * 0.0 *x 12,0
61 CIRC = 4136.0 x 0.0
65 ADJ * 0«0 * 12.0
69 CONTINGENGCY 1,7¢ * 28843 » 0.0 :
kX2 EKKESE ek kbt
TOTALS 172473 1Ca.1
PAGE 6.3- 91
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CCNPIG.

CCNCEET :

310RE-3A

T0G WEICET EISTORY

1-STG DEEI 1 PL INIC GECS, BRETR 1 Fl

WT BEF DLT PAY ¥T AFT PRO-MAIN  PRO-APS
(222 EXE L] P EERE L R EE 222 £ 3 2 KA BRRER EE XS 2L T ]
T ST TRFGST * 63717.0 # 0.0 * 63777.0 * 0.0 = 0.0
2 NP FELEASE S1T *  63777.0 * 0.0 * 63777.0 * 0.0 # 0.0
3 uB * 63777.0 ¢ 0.0 * 63776,9 = 0,0 * 0.0
L SIEW IFU ECT ® 63776,9 % 0.0 *¥ 62760.4 # 0.0 # T16.5
€ NE INU POI * 637€C.4 9 0.0 * 63760.3 * 0,0 * 0.1
6 ECI * 637€0,3 * 0.0 * 43189.,7 % 20570.4 * 0,0
7 FC REACI & MBS VENTI *® 43189,9 * 0.0 % 43149, . 0.0 # 0.0
8 W®B * 4314S.4 * 0.0 * 43149,3 * 0.0 * 0.1
S SIEW XCC * 43149,3 # 0.0 * 43143,7 * C.0 * 5.6
10 NE HCC ® RITEI,T < 0.0 % 43143, 7% 0.0 # 0.0
11 B¥ccC *  43143,7 # 0.0 * 143068.6 * 0.0 » 75.1
12 WE * 430€8.6 * 0.0 * U43068.6 * 0.0 * 0.1
T3 SLEW IMO 101 * GJ0€t.6 ¥ T.0 ¥ E3057,u47°% 0.0 % 11.2
14 NB IFC 1CI * 430%7.4 » 0.0 * 43057,3 * 0.0 * 0.1
18 101 * 43057,3 # 0.0 * 301Z€.4 * 12928.,9 * 0.0
“T 16 FC FEEACT & HEFS VENT # JCTZt.4 ¥ 0.0 ¥ 30087.,9 # 0.0 # 0.0
17 &B : » 30087.9 * 0.0 * 30087.6 * 0.0 * 0.3
18 SLEW MCC *  3C0£7.6 * 0.0 * 30CE83,7 # 0.0 * 3.9
19 NB ECC * JO0EI.7 9 0.0 # 30083,7 #* 0.0 # 0.0
2C ncc *  30083,7 * 0.0 * 3003S.4 * 0.0 * 48,3
21 WE *  3C035.4 * .0 * 30035,1 »* 0.0 * 0.3
27 SIEW IFC ECY # 3CC3IE, T # 0,0 % 300273 ¥ 0,0 ¥ 7.8
23 NB INTU MOI * 30027.3 * 0.0 = 30C27,2 * 0.0 * 0.1
24 nNO1 ® 30027.2 * 0.0 * 17537.6 * 12u89,6 # 0.0
2% §B *  17837.6 # 0.0 * " 17535.,5 =* 0.0 % Ze 1
26 SLES ALJ * 17535.,5 = 0.0 * 1752€.6 * 0.0 » 6.8
27 NE MJ % 1752E.€6 * 0.0 » 17528.5 * 0.0 * 0.1
Z€ ADJ XIS IET EOD * 175285 %  U.0 ¥ T74B€E.3 * C.0 ¥ 2.2
29 WE * 1746643 » 0.0 * 17484,2 * G0 # 2,2
30 SIEW DEELCY EL 1 * TILEL,2 * 0.0 = 17481,9 * 0.0 * 2.3
— 37 §B DETICY EL 1 *  T7961.9°# 0.0 % 174€E1.8 * C.0 * 0.2
3Z LECE FL 1 * 17481.8 * =1096,3 * 16385,5 * 0.0 * 0.0
33 THFUST FF EI 1 *  163€5.,5 # 0.0 * 16363.5 = 0.0 = 21.9
30 W8 * T16363.5 ¥ 0.0 % 16354,0 ¥ C,0 ¥ 9.5
3 SLEW IMU POI * 163°4,0 * 0.0 * 16353.1 # 0.0 * 0.9
3€ NB IPMU ECI * 16353.1 » 0.0 * 16353,0 = 0.0 * 0.1
37 tCI * 163%53,0 % 0.0 % " 16278,0 *~ 75.0 % 0.0
38 WE * 16278.0 * 0.0 * 16274,7 * 0.0 » 3.3
3¢ SIES ADJ * 16274.7 * 0.0 = 16274,3 =* 0.0 = 0.4
G0 NE ILIJ *® 16274, 3 ¥ 0.0 % 16Z7U. 2% 0.0 * 0.0
41 AICGEE ALJ s 16274.,2 ¢ 0.0 = 1627u,1 = 0.0 = 0.1
42 B * 16274, 1 * 0.0 * 1627C.9 * 0.0 * 3.2
— g3 SLEW ALY ® T€E27(.5 # 0.0 % 16270.,5 % 0.0 ¢4 0.4
44 KB ADJ * 16270,5 * 0.0 * 16270.4 * 0.0 * 0.0
45 FHASE ADJ & 16270.4 * 0.0 * 1627C.3 * C.0 = 0.1
W& WE T U6270 3 % 0.0 % 7 16265.5 * 0.0 % 4.8
47 SIE& MCC * 16265.5 * 0.C * 16265,0 * 0,0 = _0eU
48 NE MCC *  16265.0 * 0.0 * 162€5,0 * 0.0 » 0.0
Y H(T —% T T€2€5.0 % 70,0 %7716264,9 * 0.0 » O.1
SC B *  162€U,9 * 0.0 = 16263.,3 * 0.0 * 1.6
€1 SLEW IMU MOI « 16263.3 * 0.0 * 162€2.,4 » 0.0 » 0.9
57 KB TFU NMTI % V6262, 0% 0,07% 16262.3 % TS0 F T 0,1 T
83 MCI * 1626z, * C.0 * 161€7.7 * T4.6 * 0.0
sS4 SLEW TRACK x 1€1£€7,7 * 0.0 * 16185,5 *# 0.0 * 2,2

!




55 NB 1TBACK * 16185.5 # "0.0 * 16182.7 ¥ 7T 0,0 ¥ 2,9 °
S€ 1F1 * 16182,7 * 0.0 * 16138,1 = 44,6 » 0.0
57 SLEW TERACK * 1€13€.1 = 0.0 * 16135,9 » 0.0 » 2.2
5t NB TFACK E S I 0.0 ¥ " 16133.0 * 0.0 % 2.9
5¢ nMCC * 1613353.0 * 0.0 * 16132.8 = C.0 * 0.2
60 SLEW TRACK * 16132.8 * 0.0 * 16130.,6 * 0,0 = 2,2
— 61 NE 1FACK ¥ T€13C.€ % 0,0 T 1612747 T T 0,0 T T 3,277
€2 1FF *  161z27.4 * 0.0 * 1€051.9 » 0.0 » 75.4
62 WE * 1€CE1,6 » 0.0 * 16051.7 » 0.0 = 0.2
T b4 CTIEW DCCR 16051, 7 ¥ 0.0 ¥ 16Cyr.4 % 0.0 % Y
65 NE IC(CK *  16047.4 * 0.0 * 16C47.0 » 0.0 » 0.4
6€ DCCK FL 2 * 16047.,0 » 0.0 * 16C29.8 x 0.0 = 17.2
T8 ADD F1° 7 ¥ T6029.8 % T 1096.3 % 1712€, 1% T 0,0 T 0.0
68 WE *  1712€,1 * 0.0 * 17123,9 = 0.0 » 2,2
69 SLEW IMD TO1I * 17123.9 ¢ 0.0 * 17119.4 » 0.0 * 4.4
7C NB IFU TICT ¥ 17119, # 0.0 % 17119.3° % C. 0¥ 0.2
71 TCI *  1711€.3 * 0.0 * 100C€.5 * 7112.4 » 0.0
7Zz. FC KEACT & FMES VENT * 1C0C€.9 * 0.0 * 9966 ,4 * 0.0 * 0.0
T3 WB ¥ 9966.4 * 0,0 * T 9G9€5.,6 * T TC, 0¥ .9
74 SLEW MCC * S9€S,6 = 0.0 * 9964,3 » 0.0 * 1.3
7% - NB FCC * S9€uU,3 * 0.0 * 9964,.,2 * 0.0 = 0.1
7€ M¥CC ) 9964,2 ¥ 0.0 = S94Qg, 2 * 0.0 % 24,0
77 WE * SUC,2 * 6.0 =* 9939,3 * 0.0 * 0.9
7€ SIEW IMCL ECIT * 9939,3 * 0.0 * 9936,7 * 0,0 * 2.6
T 7% NE IMU EOT * 9936,7 * 0.0 * 993€.,6 # Tl % 0.2
80 FCI » €936.,6 * 0.0 = 6965.,1 * 2971,5 * 0.0
81 PC FEACT & MES VENT +# €9€5., 1 * 0.0 * 6924.6 * 0.0 »* 0.0
tZ WE ¥ 69z4.6 ¥ 0.0 # 6%24.0 % 0.0 % 0.6
83 SLEW MCC » €9z4,C » 0.0 = 6923.,1 » 0.0 » 0.9
€4 NB MCC . * 6923.,1 * 0.0 * 6623.0 * 0.0 * 0.1
85 MCC * 6923,0 * 0.0 = 6511.9 # C.0 * 11.1
86 WE * 6911.6 * 0.0 = 6911.3 = 0.0 * 0.6
87 S1EW INMC CIBC * 6911.3 # 0.0 = 69C9.5 = 0.0 * 1.8
BE NE INU CIRC ®*  g9(5.5 % .0 * €9CG. 3 ¥ 0.0 # 0.2
€€ CIEC » €3(S.3 » 0.0 * 4703.5 = 2205,8 =* 0.0
9¢ «&E * 4703,5 » 0.0 = 47C3.3 =* C.0 * 0.3
97 SIEW ALJ * §7C€3.3 9 0.0 * "u4702,7 = 0.0 * 0.6
€2 NB ADJ » 470z.7 * 0.0 = 4702.5 = .0 = 0.1
€3 arLJ * 4702.5 = 0.0 »* 4€95.0 » C.0 » 7.6
T 94 WE ) LgeE, 0 4 0.0 % y69u.5 ¥ 0,0 # 0.5
G€ <S1EW ECS CAFIUFE ST +# 4694,5 * 0.0 = 4693.8 = 0.0 * 0.6
9€ NE CPETURE * 46<3.8 =» 0.0 = 4€9z,7 » C.C » 1.1
97 CCMNIINGENCY 1.7% * §6Sz, 7 » 0.0 = T4491,9 * 200.8 * 0.0
TR ET R ERERER R ¥
TCTALS '58673,5 49,4
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T "~ TUG DEITA-V EUDGE1T

~ CCNFIG. CCNCEET : . 310RE-34°

- 1-8TG DEEI 1 PL INIC GECS, RETR 1 EIL

-
DV NAIN LV 2PS
2 a2k Aok L2 X2 R 2]
- 1 ST THFCUST * 0.0 » 0.0
6 EO1 * U23€.,0 * 0.0
TTTYY O FCC * 0.0 * 13.0
- 15 To1 * 3883.0 * 0.0
20 MCC * 0.C » 12.0
24 MCI * 5848.0 * 0.C
- 28 ALJ RAES EER NOT * C.0 * 18,0
33 THEUST FR PL 1 * Co0 * 10.0
737 BCIC * 50.0 # 0.0
- 41 DAECGEF RLJ * C.0 * 0.0
45 EFHASE ADJ * 0.0 *» 0.0
e MCC * 0.0 * 0.0
o €3 MCI * £C.C .0
56 1PI * 3.0 # .0
TTTE9 MCC * C.0 » 0.1
€2 1TEF * 0.0 * 35,0
~ 6€ TLCCK EL z * ~ G.C * 8.0
71 1cr * 5839,0 » 0.0
76 MCC * C.C * 18.0
@ o0 o + 38€4.0 * 0.0
TTTTEE T MCC % 0.0 * 12.0
- 89 CIRC * 41€2,0 * 0.0
$3 ADJ * 0.0 * 12.0
67 CCNTINGENCY 1,7% * 475.,7 * 0.0
- PR ERRE R % % % Bokkkk
TCTALS 26457,7 13€.3
-
-
-
-
W
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TUG WE IGHT HISTYORY

. PAGE 6.3~ 95 . _

CONFIGe CONCEPT 0 . 310BE-3A

—1=S7G DEPL I PL IN GEOSe NUDG 1 PI
wYT BEF DLY PAY WY AFT PRO=-MAIN PRO=-APS
L 222132 % L1213 21%323] L 2 2232333 ook okak ok kK LI LR L]
1 ST THRUST % 63777.0 =* 0e0 % 63777.,0 » 00 % Oev
2 NB RELEASE ST * 63777.0 %= 0.0 * €3776.9 * 0.0 = O.1
3 __wb ® 6377649 * 0.0 * €E3776.9 * 0.0 * 00
4 SLEW IMU PO1 & 637769 * 0«0 *¥ 63760.4 * 0¢0 = 1€¢S
S N8 IMU PO1 ® 63760.4 » 0.0 * 63760.,3 = 00 % O.1
& __POI $ 637603 % = 0.0 % 43185.9 % 20570.4 & 0.0
T FC REACT & MPS VENT & 43189,9 * 0e0 * 4314( .4 = 00 = © 00
8 wB & 43148.4 * 0.0 * 4314¢,.,3 % 0.0 = Oel
Q __SLEW MCC 2 ___47148,3 * D20 % 43142.7 % 0.0 % Sab
10 NB MCC *® 43142, = 0.0 % 43142,7 * 00 * 0.0
11 MCC ® A43142.7 * 060 * 43067.6 & 00 = 7Sel
12 w8 43067 .6 % 0,0 * A43067.5 % 0.0 % Qa1
13 SLEW 1IMU T4l $ 43087 .5 ¢ 0:0 & 43056.4 % 0.0 * 11.2
14 NB IMU TOI ® 43056.4 » 00 * 43056.3 * 0.0 % O.1
1S YOI % 430563 *» 0,0 * 301277 % 12928.6 * 0.0
16 FC REACT & MPS VENT * 301277 = O0¢0 & 30086.2 » 0.0 * 0.0
17 w8 * 30086.2 % 00 *  30085.9 = 0.0 * 0.3
—18 SLEW MCC % 300B85.9 * 0.C % 3I00B82.0 % 0.0 3.9
19 N8B MCC * 30082.0 =* 0.0 * 30082.0 = 0e0 * 0.0
g . 20 NMCC * 30082.0 = 0.0 & 30033,7 * 0.0 * 48.3
‘ 21 w8 % 30033.7 % = 0.0 ¢ 30033.4 % 3.0 = o2
. 22 SLEW MU MOT » 30033 .4 » O * 3002S5.6 = 0«0 = 7.8
23 NB IMU MOTI & 300256 % 0.0 * 3002S.5 * 0.0 * 0.1
24 MOI ¥_ _30025.5 % 0.0 % 17536.6 . _12488.9 * 0.0
2% w8 * 175366 * Ce0 * 1753645 = 0.0 * Oel
26 SLEwW ADJ ® 175365 % 0.0 * 17534,2 = 0«0 * 23
27 _NB ADJ * 1725834 ,.2 * 0.0 % 17534.2 * 0.0 % 0.9
28 ADJ & §7534,2 % 00 % 17492,0 = 0.0 = 42,2
29 w8 ] 17492.,0 = Q0.0 » 17491 .9 = Ce0 # Col
—30_SILFY OFPL QY & 17461 .9 & ==~ 040 % 17489.6 % 0.0 * 2.3
31 NB DEPLOY & 17489.6 * 0.0 *# 17489,5 * 0.0 = 0.1
32 OROP PL ¢ * 174895 * =3298,0 * 14191.5 = 00 * 0.0
33 THRUSY FR PL ¥ _14191.5 = 00 % 14172,5 = 0.0 = 19,0
34 wB ] 14172.,5 * 0.0 * 14172.,4 = 0.0 * Ol
35 SLEw IMu POI * 14172.,4 » 0e0 % 18171.6 s Oe0 = 0.8
36 NB IMY PQI £ _18171.6 % D0 % 14171.5 % 0.0 % [P |
37 POI & 14171.5S = O0¢0 = 14116,9 » 54,6 * 0.0
38 w8 * 14116+9 = 0.0 * 14113.,2 % 00 %= 37
39 _SLEW AD.} *  14113,2 * Q0 % 14112.8 » 0.0 * [+ P SO,
40 NB ADJ & 14112,.8 * 00 & 14112,7 = 0.0 * O.l
41 APOGEE ADJ * 14112.,7 = 00 = 14112.6 = 0.0 = Oel
42 w8 *  14112,6 % =~ 0.0 * 14108.9 * 0.0 * 3.7
43 SLEW ADJs # 14108.9 = O0s0 # 14108.5 = OO0 = O.4
44 NB ADJ *® 141C8.5 = 00 * 14108.5 = 0«0 = Oel
4% _PHASE ADy *_ 14108,5 =% Qe0 * 1410R.4 * 0.9 =% 0.1
46 WwWB * 14108.,4 = 0.0 * 131010 = 0.0 = Teb
47 SLEW MCC L 14101 .0 * OeD = 1410046 » 00 # 0.4
_48_NB MCC *__14100.,6 = 0.0 * 14100.5 % D0 % 0.1
49 MCC * 1410C.5 = 0.0 = 14100.,4 * 0.0 % Oel
‘ 50 w8 * 14100.4 = 0.0 = 14093.0 * 0«0 = Te4
— 51 SLEw IMU MOT % 14093,.0 = 060 = 14092,.2 = 0.0 %= [« Y.}
$2 NB IMU MOI & 14092.2 = 0.0 * 14092.,1 = 0.0 = Got
53 wMmO1 * 14092.1 * 0.0 = 14037.8 * S4,3 % 0.0
—-54 w8 & _14037,.8 % __ _ 0a0 -!_._1‘4036.6 % O.0 % 1.2




55

14636.6

*

14034.7 *

- h v b c——

SLEW TRACK * 0.0 = 0.0 % 1.9
56 NAB TRACK ® 14034,7 =» Oe0 = 14030.1 = 0.0 =% 4.6
s7___1IP1 ¥ __14030a1 & === 0.0 2 13991.5_% 38,7 % Qe0__
58 SLEW TRACK ¢ 13991.,5 % 0.0 % 13989.,6 * Oe0 » 1.9
59 NB TRACK * 13989.6 * 0¢0 % 1398644 = 0.0 % Je1
60 MCC L ] 139864 ¢ =~ 0.0 % 1398642 & 0.0 % 0.2 __
61 SLEW TRACK & 13986.,2 * 0.0 & 13984,3 % 00 = 19
62 NB TRACK * 13984.3 = 0.0 * 13981l.1 » 0.0 = Je2
63 TPF ® 13581 .1 % a0 % 1391547 # = 0.0 % = 65,4
64 SLEwW DOCK * 13G15.,7 » 00 * 12911.9 % 0.0 = 3.8
65 NB TRACK * 13G11.9 ¢ 0.0 % 13908,7 = 0.0 » Je2
66 DOCK PL 2 x 1390847 % 0.0 % 13893.8 % = 0.0 % 14.9
67 ADD PL 2 ® 138B$3.8 * 3298.,0 * 17191.8 = 0.0 = 0.0
68 w8 * 17191 .8 = 0e0 * 17191.6 = Qe0 = 02
69 SLEW_NUDGE ¥ 17191.6 * 020 % 17189.4 * 0.0 % 202
70 NBR * J7189.8 % 0e0 * 17189.,3 % 0.0 = 0.1
71 NUDGE PL 2 ¥ 17189.3 * O0e0 * 15280.6 * 1908.7 =* 0.0
T2 WD _ x_ 15280.6 % 00 % 152797 = 0.0 * 0.9
73 SLEw ADJY * 15279.7 % 0e0 % 1S5277.7 = 0.0 = 2.0
74 NB ADJ * 15277.7 % 0.0 % 15277.,7 * 00 % 0.0
75 _ADJ *  15277.7 * Qo0 = 15271 .6 % Qe0 * Gl
76 w8 & 15271.6 % 0«0 % 1527047 * 0.0 =% 0.9
77 SLEwW DEPLOY PL 2 * 1527067 % 0.0 * 15268,7 * 0.0 % 2.0
78 NB DEPLOY PL. 2. IH *_ 15268.7 % 0.0 % 1526846 % Qa0 % D21
79 ORCP PL 2 B 1DZ€B.6 % =386T70«0 ¥ 11598.5 = 0.0 % 0.0
80 THRUST FROM PL 2 x 11598,6 % 0s0 * 11583,1 = 0.0 * 15.5
81 wB * 11583.1 * 00 % 11579.8 = 040 = 3.3
82 SLEW IMU TOI * 11579.8 * 0.0 * 11579.1 * 0.0 % CGeb
83 NB IMU TOI * 11579.1 = 0.0 * 11578,9 = 0.0 = C.2
84 TOI ¥ 11578,9 % Q0.0 * 76019 » 3977.0 * 0,0
85 FC REACY & MPS VENT = 7601,.,9 * 0.0 * 7560.4 = 0.0 = 0.0
86 w8 * 7560.4 = 0.0 = 75589 = 0.0 » 1.5
87 SLEwW MCC * 7558,9 * 0.0 = 755847 % 0.0 * 02
88 NB MCC * 7558.7 = 0.0 * 7558.6 * 0.0 % Oel
89 MCC ® 755866 % 0.0 = 7544 ,5 = 0.0 =% 14,2
90 w8 * 7544 ,5 » 0.0 = 75430 = Q.0 * 15
91 SLEwW IMyU POI * 7543,0 = 0.0 * 7542,.6 * 0.0 = 0.8
82 N8B IMU POI * T7542.6 = 0.0 % 7542,.,4 = 0.0 % 0.2
93 PaI *® 7542.4 * N0 = 5844,2 % 16984,2 * 00
Q4 FC REACTY £ MPS VENT =% 5844 ,2 * 0.0 = 5802.7 = 0.0 % 0.0
95 w8 * S5802.7 = 0.0 % 58014 x 0.0 * ie3
96 SLEw MCC * 5801 .4_=x 0.0 » 5801 .2 % D0 * O+2
97 NB MCC * 58012 % 0.0 * 580141 = 0.0 % Cel
98 MCC %* 5801.1 * 0«0 % S5794.9 = 0.0 =% 662
99 w8 * 5794 ,9 =% 0.0 » $793.5 = N0 * 1.3
&% SLEW IMU CIRC * S5793.5 * 0.0 * $793.2 = 0.0 * 0.3
*% NB CIRC * 5793.,2 * 0.0 * 5$793.0 * 0.0 * 0.3
% CIRC L 5793.0 =* 040 * 356642 * 222648 » 0.0
** WB * 356642 * 0.0 = 3561.3 % 0.0 % 4,8
% SLEW ADJY * 35€1e3 » 0.0 % 3561.2 = 0.0 ¥ 0.1
*%  NB ADJ * 356142 * 0.0 = 3561.0_% GO * 0.2
% ADY * 356140 % 0.0 % 355344 % 0.0 * 76
*% W8 * 35€3 .4 ¥ 0.0 * 35550.0 * 0.0 = 3¢S
¥% SLEW EOS CAPTURE ST = 355040 =% 00 * 3549.,9 = 00 * O.1
*% NB CAPTURE *« 354949 = 00 * 3547.8 % 0.0 * 261
*% CONTINGENCY 1.7¢( * 3547.8 = 0.0 * 3395.9 * 1519 * 0.0
ERERE RS ok ok & kKK
TOTALS 56098.0 447,0
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'TUG DELTA=V BUDGET

r
tomer]
. CONF1Gas CONCEPY O _ 310RE-3A __ . .
_1-ST6 DEPL. 1 PL IN GEOS. NUDG 1 PL .
-
B DV _MAIN DV APS = —
kkkkk ik Rk xkkkk
- 1 ST THRUST x 0.0 % 0.0
.6 PO e & 823600 *® 060 e e e
11 MCC * 0«0 = 13.0
- 15 TO1 * 3883.0 % 0.0
20 MCC %k 0.0 %  12.0 . - S
24 MOI % 58480 * 0.0
- 28 ADJ * 0.0 % 18.0
33 THRUST FR PL % 00 * 10.0 -
37 POI1 * 42,0 * 0.0
- 41 APOGEE ADJ * 0«0 x* 0.0
45 PHASE ADJ LE 0.0 0.0 U
49 MCC * 0.0 * 0.0
- 53 MC1 * 420 * 0.0
57 __TP1 - * 300 ® 0O
60 MCC & 0.0 =% Oel
- 63 TPF * 0.0 x%x 35.0
66 DOCK PL 2 . * 00 % B - 'Y ¢ B
71 NUDGE PL 2 % 1280 ,0 = 0.0
75 ADJ * 0.0 = 3.0
' 80 THRUST FROM P 2 * 0.0 * 10.0
84 TOI1 * 4576 .0 % 0.0
- 89 MCC * 040 * 14,0
93 POl . * 2T74,0 * = 000 . . o
98 NMCC * 0.0 =% 8.0
- ** CIRC * 5276.0 * 0.0
%  ADJ - ol 0.0 * 160 — -
*k CONTINGENCY 1.,7¢( L J 47S5.8 * D0
- L X222 L 2 L ke kgkk
TYOTALS ~ 28462,.8 147,22
-
-
-
4
-
L J
-
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CONCEPT 320Kk 3A

6e3.5.2
1\’ GEOSYNCH PERFORMANCE

REFERENCES?
Q. 320A-| Concept Definition , rssue 2, dated 28-29 Aug 1973

GENERAL INFORMATION

ISP = 33840 Sec

Weixep = 2695 lbs
Tsp - =322, c

_ =1924 lbs (two stage)

W = P/Ls - WapapT

W; = 65000 - 161l = (3389 lbs
@ W, = 5000- 1924 = (3070 lbs
L/ -

Weot = WFixep + % (consumables) L= 0.17 (Deplovj)

G95 +0.47(

= i 4

N

Tug Length = Lt = 204.76 in /stq

Tug Interstage Adapter Length=1l, = 3.0 (n
(ne Stq Fits Only )

(Two S{'S Fits On\3 )

Tug Forward Mour\\'\'n‘cj = Leg = 112 in
Kiek Staqe Len3+h =Ly= 100 (ks 321)

Orbiter P/L Bay Length = Lo = 720 in

Avalable P/ Lens"t\'\ = Lp
Lo-(Ly+Lgtly)

Lo-(2Ly + ta) (Two Sty Fits)
(One 5*3 F’Hs)

- | Lp = 720- [2(zo476)+30] = 30748 < 25628
= 720 - (204.7+ 1172 ) = 403.24wn = _33.60%‘
= 720 - (204.76* W2 +100)+ 3p3.24wn =| 2527 M

NOTE % Used with one 5+oje onl_\J

Two Sig
One 5!3 wWio K5

One Stq with KS

o]
a8
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CONCEPT 320A-3A (cont)

NASA MISSIONS

ONE _STAGE

Without Kick Staqes

w&(bep\os) = Weoy = 269510.17(354) = 2155 |bs

wPIL(oep\°5) = ‘—‘Cw.,wg‘,\, 1%, 8w, AV ) = |Fig 4.3.?.3

\

With Kiclk 5+a3e KS 321 (Plone’rarﬂ Onhj)

weo(,be‘:‘og) = wbol < 2695 fO-l7 (255) = 2740 Ibs

Wey = P(wi,we, TSPE, Mo, bVp KS ) = -

ALl
L; .
L
v
XV
W

TWO STAGE

Sl'mcjsho’f Mode

ér.gle P/L DeP_‘_‘ZS

wBO(DeP\o‘j) z Weay = 2695 +0.17(l02)= 2712 tbs (157 5TG)

—

2 2695 +onT(z8t)s 2744 1bs (2" STG)

—

See
We/(Deptoy) = F (Wi 0o TSPE V) = 5094 lbs Fig4.3.3.3

Multi P/L Deploy

weocpepleg) « Weor = 2695+ 0.17 (102) = 2712 lbs  (1F 371¢G)

+ 2695+0.17 (281) = 2744 Wos  ( 2*° STG)

WL coerby) = £ (Wi wer T5PEBL, V0, BV) = | Fig 4.3:3.3

AVa=E(0=6c) = 292 fps
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CONCEP1 3Z0A-3A (con+t)

DOD MISSIONS

C Weo = Weocuasa) + AWcomm

> Weo (wasa) t 13.2

ONE _STAGE

Wgo = 2755 +13.2 = 2768 Ibs

We, = (use NASA 'Peréovmance) z F‘;s 4.3.3.3

/

TWO STAGE f
Wg, = 2712 + \B.é = 2725 tbs (% Stg)
| = 2T44+13.2 ¢ 2757 ths (2™ Sg )
Slingshot Mode
Single  P/L Dep_l_;% e
e We (peploy) fwi,we,, IsPe,av) 4 5045 |bs Fig 4.3.3.3

Mol - p/L Deplo\'

wp”—(bep'oj) = € Cw,,wpo, 15P€, V0) = Fig 4.3.3.3
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CONCEPT 320AE- 3A

GEOSYNCH PERFORMANCE

REFERENCES

Q. 320AE-] Concept Definition , Issue 2 , dated 29 Aug 1973

GENERAL INFORMATION

Wreixep = 2768 \bs ISP= 338.0 sec

Wapaet < 1611 Vbs (One Stg Opns) ISPE-0.983 IsP : 332.25 sec

ths (Two Stg Opns )

= 1924
o

WRm.v. = 107 s . : -

We = P/lLe — Waveer
W= 63389 tbs (ome stg opns)
Wi = 63076 s  Ciwo Sty Opns)

= W Z‘ O.17 (DCP‘OL&):. 0.28 (Rei’rle.ve) ', 0—27<20umd T;\.P)

Wee + Z(CcnSumaHes)

T -
i Fix

Consumables (Twe st'.b‘,“,) = 1072 tbs (13t5kg) 2 281 lbs (2% i)

Tug Length=Ly = 204.76 in/stq

Tug Interstuge Adapter = Ly = 3.0m  CTwe Shy Ops only)

Tug Fwd Mounking « L = 112 in (One Sty Ops Only )

KS 321 Length = L, = 1001n (Used only with One Stq Ops )
Orbiter Pl Bay Lengin= Lo= 720w

Aveilable PL Boy Length= Lp: bo-(itlytla+ Ly )

25.62 § Two Stq

Le =
33.60 & Ore Stg

25.27ft | Ore Stq + Kick Sig
PACE 0.3-1n1




CONCEPT 320AE-3A (cont)

NASA MISSIONS
' ONE STAGE (Sn‘;gle P/L Onl«j
WiH"\ou‘f. Kick S\T\ﬁg '

B°<ua§\.3)3°'r - Wetev

Weoety)* Weor

= 2768 *017(354)-107= 2738 lbs

x 2768 + 0.28(49¢ ) = 2907 lbs

Weorery = Weer 3 2768+ 027 (e ) = 2934 Ibs
) \
WeIL (peplay) = . Use 320A-3APerk) = | F19 4.3.3.3
Wept criry ) = FQWi, Wao, Tspe, AV, BY..) = | Fi9 4 3.3.3
vt ) = [Fig4.2.3.3

.- ‘.*’P/l(e'r-). = F(

With Kick Stage K9 321 (Planetary Only)

Weo = Weor - Wrrev = 27684+ 0-17(265)-107 = 27006 lbs

We = (Use 320A-3A Per§) = Fig 4.3.3.3
TV\"O ST'A\GE
Slingshot Mode (Deploy Only)
Single P/L
Weo (peploy) = 2768 +0.17(102)-107 = 2185 1lbs
= 2768 +0.17 (281 )-107 = 281k 1bs
_ See
W/ (peploy) = (Use 3204-3A rerf)s| 5094 lbs Fiq 4.3.3.3
Mulh - P/L
=~ 2785 lbs

' WBocpeploy) = 2768 +0.17(102) -107
s 276B+0.17(281)-107 = 2816 \bs

WPrL (peploy ) = (W, Vo, bVp , [SFE )=
. AVg = 292 fes o -




CONCEPT _B20AE -3A (cont)

Reverse Sl:’nzs\nof Mode
O Single_PIL

wB"(oeps. )* Weox = Werey = 2768+0.17(01) -107 = 2785 \bs’ (@ )
<ele) 5

/

= 216840.17(281) -107 = 2816 ths (27 sig)

~ Wgo cerev)= '-l-’a;:r. . 2768 +028000) = 7_;_1_9_(:, s (Y sig )
~ 276840728 (281) = 2847 lbs (2% 34)

Weo (rvy = Weop = 2768 + 0.27C01) = 2195 s (1¥ stg)

= 28 + 0.27(281) = 2844 Ihs (2% $%)

.'/ o See
oo W (peploy) < Flw, Tse,bv) | 5970 tbs leq 4333
Wop (rey) =50 ™ ) = 3800 !bs Fig 4.3.3.3
wmce,.mrn',)ef( - ) = 2430 lbs Fig 4.3.3.3
O Mulhi - P/L
Weo coeploy) * 2785, ths (1 3t3)
= 2816 Ibs (2% sig)
'l""""(a‘i!..,:"?‘;;‘)’ 2795 ths (1¥ 54g)
= 2844 1bs (2"sky)
AV= F(@=60") 7 292 fps
“-’P/L(bep\ov:‘zu),ISFG,AVuo) - |Fig 4.3.3.3
wP/c.Lm‘»;_b;,glg)-‘?(u),';sve,bwb,b\laﬂ Fi 4533
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DOD MISSIONS

Weo = Weo(nasa) * AW comum
= Weo (uasa) + 33

ONE_STAGE
Weo peploy) = 2738+33 = 2771 \bs
Weo (rirv) = 2907433 = 2940 bs

Weo (ged Trip) = 29344 33 = 2967 lbs

Fig 4.3.3.3

wP]L (Dcp\o%) ‘ =
Fg 4.5.3.3

--w?ll- CR4rv ) =
Fig 4.33.3

& =
= vy 2

W (pad Trip)

TWO STAGE
Shingshol Mode (Deploy Only)

Sw{gle P/L

CONCEPT _320AE-3A (cont)

Wgo = 2785 + 33 = 2818 ths (1* Stg)

= 2816 + 33 = 2849 lby (2% Stq)

4972 lbs

WelL (veptoy) =

Mottt P/L

Weo = 2818 by (1% Siq)
+ 2849 lbs (2':-‘5-}3)

See
Fiq 4.3.3.3

Weyy = Fig 4.3.3.3
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CONCEPT 320AE -3A (cont)

Reverse S\ingsho’r Mode

G Single_P/L
Weopeploy) = 2785+ 33 = 2818 Ibs UT sty)
= 2816 t33 = 2849 lbs (2% sHy)
Weo crefnevey = 2796 +33 = 2829 1bs (1°7 stg)

264'7‘1‘-33 ~ 2880 Ibs (_2"" Sty)
Weotonand ip) = 2795433 = 2828 1bs (17 Stg)
2644 +33 = 2877 lbs (2* siq)

See
.. Wesn (beploy ) = 5798 \bs Fl's
. . w -
Wes (Retrieve) = 370t 1o Fi3
W/ (Round Trip) = 2400 lbs FIS '
8 Multi - P/L
S _—
Weocoeploy) = 2785+33 = 2818 lbs (7 Stq)
= 281k +33 = 2849 tbs (27 Stg)
wP/L Cveploy) = F-'l's 4.3.3.3
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TUG WEIGHT HISTORY

CONF IGe CONCEPT 320A-3A

‘ 1-STG DEPL 1 PL-AKS IN GEOS
wT 3EF DLY PAY wT AFT PRO=MAIN PRO=- APS

EXRERREE T ITIT Y] TR ITIL TIIITE kKR EEEK
1 ST THRUST * 551344 x DeC % 55134,4 » Ded =% el
2 NB RELEASE ST * 551348:4 % OeC * 551343 * Ded % 0 eC
3 W8 * 551 343 % DeC = 5513463 % Ded =* GelC
4 S_.EN IMU POI * 55134843 % 0e0 * 5512060 * Ded x 1443
S NB IMU POI * 5512060 % Qe C » 5511969 % Ded =* Cel
6 POI * 551199 * 0sC * 3748166 * 176383 * O el
7 FC REACT £ MPS VENT % 3748146 % Oe0 * 374696 * Ded * DeC
8 wB * 3746Ge6 % OeC * 374695 % Ded % Del
9 SLEN MCC * 3746Se5 * DeC * 3746446 * 20 * 409
10 NB MCC *  3T74€E446 % 0e0 * 3766446 % Te¢) * De0
11 MCC * 374 €446 % Oe 0 * 3739964 * Ded % 6562
12 %8B * 3736964 % ODeC % 37399e3 =* Ded =% Rel
13 SLEN IMU TOI1 * 3736GG¢3 % OeN * 373896 * NDel x 97
14 NB IMU TOI x 3738Ge6 * Qe C *# 37389¢5 * Ded % Vel
15 TOI ) * 3738%e5 % NDeC * 2626641 % 1112344 % 0el
16 FC REACT € MPS VENT * 262€6e¢1 * Oe 8 % 2625441 % Ded * el
17 8 * 2625441 % Ce G =* 2625368 = 250 %= Ca3
18 SLEFW MCC x 2625368 % Ne0 * 2625064 = Ded * e84
19 NB MCC * 2625044 * Oe G % 2625004 % Ded =*! Qe0
20 MCC * 2625064 % OeC ¥ 262082 » Jed * 4262
21 wB * 262CBe2 * De0 % 26207¢9 * Ded % Ce3
22 SLEN DEPLOY * 262C7¢% * Qe 0 * 26204,5 x Je) x 3e4
23 NB DEPLOY * 262C4e5 * OeC * 262044 * Ced x el
‘ 24 DROP PL 1~-AKS X 2620C8,4 * -2029Se7 ¥ 5908e7 * Ded * C oG
25 THRUST FR PL 1 * 5908, 7 * 0e 8l = 590068 % Del =% 7 o9
26 wWB * §900e8 * O0eQ » 58894 * Ded = 11e4
27 SLE4 IMU TOI * 5889¢4 * Nel »* 5889¢1 * Ded = Ce3
28 NB IMU TOU * SB8Ge1 * Oe C * 588846 * Dded = DeS
29 TI1 * SBEBe & * 0+ 0 * 55617 x 32648 * 0 eC
30 FC REACT & MPS VENT «x SS€1e 7 * 0e 0 # 554947 * Ded =% Lel
31 wB * S54C. 7 % CeC * 554767 % Del =* 20
32 SLEA MCC * S54Te7 * O 0 * 5547e6 * Ded * Ne2
33 NB MCC * 554746 * 00 * 55474 * Del * el
34 MCC * §5547¢4 % Qe C 3 554569 * Deld % 1e5
35 wR * 5545¢ G * Del » 5584369 * Ded * 2e0
36 S_EN IMU POI * S543, 6 * OO * 554346 * Oed = Ge3
7 NAB IMU POI * £543, 6 % O C * 554341 * Ded = CeS5
3R POI * 55431 * Oe C * 3G3860 % 160561 * 00
39 FC REACT & MPS VENT % 3938.,0C x Oe 0 # 362660 * Ded * 0eC
a0 48 % 392660 * O C x 392346 % Jed) % 2e3
41 SLEW MCC * 39236 % OeC * 3923¢5 x Ded % Cel
42 NB MCC * 392365 * OeC *» 39233 % Ded % Qe2
43 MCC * 392343 * Qe C * 39176 * Ded x Se8
44 WwWB * 391746 % Oe 0 * 391Se2 * Ded = 23
45 SLEN IMU CIRC * 3915¢2 % Oe C * 3G1Se0 x Jed =% Ce2
46 NB IMU CIRC * 391560 x* Qe O * 391447 x Ded x Ced
a7 CIRC * 391407 = O O * 2676e¢2 * 1238¢5 =* CeC
a8 wB % 26762 * CeC = 26756 * Ded x Ceb
49 SLEW ADJ * 26756 6 * OeC =* 2675e5 x Del * Cel
50 NB ADJ * 2675 5 * Oe G #* 267562 * Ded *' Gel
‘ 51  ADJ * 2675¢2 * CeC ¥ 267069 » Ded =% 4¢3
52 wB * 26700 G * Qe C * 266768 % Ded = 3e2
53 SLEN EOS CAPTURE ST « 26678 ¥ Oe 0 * 26677 * Ded * Cel
54 NB EQS CAPTURE ST * 26677 * OeC * 266449 * Ded * 2e8
55 CONT INCENCY 167( x 266466 * OeQ *# 25970 * 679 * CeC
* ko ok ok kK

TOTALS : hER CL3e-10r 3209043 19346




TUG DEL TA=-V BUDGET

CONF1Ge CONCEPT  320A-34

1-STG DEPL 1 PL~-AKS IN GEOS

OV MAIN DV APS
KEEERREE EEEEREE X
1 ST THRUST * Oe 0 % Qe O
6 POI * 41G440 x Qe S
11 MCC * Ce0 % 13.C
1S T0OI1 * 384060 * Oe¢ C
20 Mcc * 0e0_% 12¢.C N
25 THRUST FR PL 1 * Qe C %= 10s ¢C
29 TO1 * 6521e¢0 * Ce €
34 MCC = Qe 0 % 260
38 POI *  3718,0 * 0. C
43 MCC * Ce 0 * 110
47 CiRrC * 413646 * 0e G
S1 ADJ * Oe 0 * 12«0
5SS CONT INGENCY 17¢ * 2807 * Ve C
. kERAkERX Tl
TOTALS 1678Se¢ 7 60e C




T0G CELTA-V EBUDGET

CCNFIG. CCNCEPT : Tp 320A-3A

1ST OF 2 STIG LEEL STG 2 INTO 160X4475

DV MAIN LV BPS

[ XL EEE L] XXX XL 2

1 ST THFCST * 0.0 * 0.1
6 ECI *  44uS.0 * .0
TZ THRUST FR SIC 2 ¥ .0 # T0.0
16 ALDJ » 110.0 * 0.0
21 CCFF * C.0 * 14.0
75 TCT * 270.0 * 0.0
3C CIKC * 420,7 * 0.0
3¢ ATJ * C.C * 2.0
IS CCKTINCERCY T.7% * €8.5 * T.0

ok Rk ok XK SXRPEREX
TCTALS 52¢2.2 26.1
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TUG WEIGHT HISTORY

CCNFIG. CCNCEET : TP  320A-3A

15T OF 2 ST¢ CFEPL 5TG 2 INTO To6UX&447/3

WT BEF DIT PAY §T AFT ERO~MAIN P3C-APS
HHEAEFFAS FHRFIRERE RERKERRE KRR REERK YT TTI1I

1 ST TFRUST * 6143E,0 * 0.0 * 6€1437,2 * C.0 = 0.8
Z NB FKEIEASE ST * 61437,2 * 0.0 * 61437,1 * o 0.0 = 0.0
3 wB ¥ 6I4637.7 % 0.0 ¥ 61437,0 * 0.0 * 0.1
4 SLEW IMU POI *x 61437,0 * 0.0 * 61421,90 * 0.0 » 16.1
& NB IMU ECI * 61421,0 » 0.0 * 61420.9 = 0.0 = 0.1
& FCI ¥ 61420.9 ¥ 0.0 ¥ GUEG .5 * ¢0c73.3 * 0.0
7 CCNSUM *  40847,5 * 0.0 * 4C82c,0 » C.0 » 0.0
8 WE * 4CB8zZS.C » 0.0 * 40825,0 * 0.0 = 0.0
S SIEW DETFICY ¥ QU8B Z5.U ¥ 0.0 ¥ GQUBIS,. 7 % T.0 ¥ 53
10 NE LEFLOY * 4081¢,7 * 0.0 * 4C81S9.6 * C.0 » 0.1
17 DERCEF STAGE 2 % UCB15.6 » -37€42,.5 * 2977.1 * 0.0 = 0.0
T2 THBEUST TR 351G 2 * 2977, T ¥ U.0 # 2573. T % C.0 = 4.0
13 WE * 2973.,1 * 0.0 * 2973.0 = 0.0 * 0.1
14 SIEW ADJ *  2973.0 * 0.0 = 2973,0 * 0.0 * 0.1
T5 NE AL J ¥ 29730 % 0.0 ¥ 29723 % T.0 # 0.6
16 ArLJ * 2572.3 * 0.0 * 2942,5 » 29.8 * 0.0
17 CCKNSUF » 2942,5 # 0.0 = 2620.0 = 0.0 = 0.0
T8 WE * 290,00 ¥ 0.0 * c917.8 # C.0 * 2.2
19 SIEW CCFF » 2917.8 = 0.0 = 2917.8 * 0.0 * 0.1
2C NB CCFF * 2917.8 * 0.0 = 2917.4 * 0.0 = 0.3
2T CCFF ® 29717, ¥ 0.0 ¥ 297T7.9 * 0.0 #* 5,5
22 &B * 2911.9 » 0.0 = 2909.6 = 0.0 = 2.4
23 SLEW IMU TOI * 29C9,6 =* 0.0 = 2909.5 » 0.0 » 0.1
29 NE TFU 101 ¥ 29(S.5 ¥ 0.0 ¥ 2308.8 % 0.0 % 0.6
25  1C1 * 29(8.8 = 0.0 = 2849,7 * 59,1 * 0.0
26 TFUFL CELL VENT * 2846,7 * 0.0 * 2827.2 * 0.0 » 0.0
27 W8 » 282742 % T.0 ¥ 2827.17% 0.0 F 00T
2€ SLEW IFU CIRC * 2827.1 = 0.0 * 2827.0 * 0.0 » 0.1
29 NE IMU CIRC » 2827.C » 0,0 * 2826.3 »* 0.0 = 0.7
30 CIKC ¥ 2826.,3 * 0.0 ¥ 2719,4 ¥ TCE. 9 * 0.0
31 CCNser * 2719.4 =* 0.C = 2€C€,C @ 0.0 » 0.0
3z WE » 26C%€.5 * 0.0 * 2691.,8 =* 0,0 » 5.1
33~ STEWw ADJ w 2691, 8 ¥ 0.0 ¥  2691,.F ¥ 0.0 % T.0
34 NE ALJ * 2651.,8 = 0.0 = 2691.1 » 0.0 = 0.7
3¢ ADJ » 26€1,1 » C.0 = 2690,3 = 0.0 =* 0.7
3€ WB ¥ 2690, 3 % 0.0 % ZEBE. I ¥ C.U =* Sel
37 SLEW FOS CAPIURE ST = 26€5,3 % 0.0 = 2685.,2 »* 0.0 = 0.0
3Ff NB CAEFTURE » 2€E5,2 » 0.0 = 2681,7 =* 0.0 =* 3.5
~T 3¢ CTUNTINGERCY 1. 7% b 2681, 7 ¥ 0.0 ¥ 2866CT, 07 Y T2V, 0.0
LA R E 2 LEEEE LR §

TCTIALS 207¢6C.9 54,6
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T10G DELTA-V BUDGET

CCNFIG. CCNCEET : TP 320A-34

2ND CF 2 SIG DEPL 1 PL IN GEOS

DV MAIN DV APS
LRSS EE T T EEEEEE T T
1 ST TEROST * CC * 0.1
6 McC * 0.0 * 13.0
T0  TCI ¥ J6€5,0 ¥ T.C
15 mMcc * .0 # 11.0
1¢  MCI *  5854,0 # 0.0
25 TEFUST FF PL 1 * T.0* 10.0
2S¢ ADJ * 0.0 =* 8.0
33 rc1 *  SBUEC * 0.0
3T FCC ¥ VI 7.0
42 ECI *  5720,0 * 0.0
47 MCC * .0 # 17.0
5T CIEC v 23520 # 0.0
5¢  ALJ * C.C * 7.0
5S CCNTINGEMNCY 1.7% * 398.5 » 0.0
. RKEXEERERK%K EEEEEE T T
TCTALS 23837.5 83.1
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PAGE 6.3-111

706 WEIGHT1 HISICEY

CCNFIC.

CCNCEPT : TP

320A-3A

Z¥D OF 2z STG CEFL T FI IN GEOS

WT BEF CIT PAY WI AFT PRO-MAIN  PRC-AEFS

REXKKERN XX EEEE ] RN ERERRF LIEEXEIRET EEEETEE T

1 ST THFUSI s 37842,5 * 0.0 * 37842,0 = 0.0 = 0.5
2 NB FFLEASE SIG 2 * 37842.0 = 0.0 * 37841,9 » C.0 = 0.1
S WE ¥  3784T,S ¥ 0.0 ¥ J7BUY,7 ¥ 0.0 ¥ 0.3
4 SIEW FCC * 37841,7 * 0.0 * 3783G.,1 = C.0 x 2.6
€ NE MCC *  3783¢,1 * 0.0 *» 37839,0 » 0.0 » 0.0
& BCC *  378:9.0C # CG.0 * 37772, % 0.0 % 66.14
7 &E *x 37772.6 = 0.0 * 237772,. * 0.0 » 0.3
8 SLEW IMU TOI * 377%2.4 % 0.0 * 37767.1 » 0.0 = 5.2
T K3 IFU ICI ¥ 37767, 1T ~ 0.0 ¥ 37767, T % C.U ¥ 0.7
10 TCI * 37767.1 *> 0.0 * 26S61.& * 108C05.3 »* 0.0
11 PUEI CELL VENT * 2€9€1,€ = 0.0 * 26939,3 = 0.0 = 0.0
TZ W38 * 2Jb939.3 * T 0 = 25C3¢, 0 = .0 * 0.2
13 SLEW MCC * 26939.,0 = 0.0 * 26937.2 * 0.0 * 1.9
14 NB FCC * 26937.2 * 0.0 * 26937.2 = 0.0 = 0.0
TS HCT ¥ 269372 ¥ 0.0 ¥ 26E97.1 ¥ 0.0 ¥ 70.T
1€ WwWE * 268¢7.1 »* 0.0 * 26896,.,7 * 0.0 » 0.4
17 SIEW IFC MCI * 26896.7 * 0.0 * 268G3.C = 0.0 * 3.7
T8 NE IRMU MOJZ *  26BC3.C ¥ 0.0 * 268%2,9 * .0 * D1
1€ MCI » 268¢2.9 # 0.0 * 15698.3 * 11134,6 * 0.0
20 FUEFI CELL VENT * 15698,3 = 0.0 * 15€75.¢ +* 0.0 * 0.0
217 WE ¥ 15675.8 *  U.0 * 15675,8 % 0.0 ¥ 0.0
22 SIEW DEELCY * 15675.8 * 0.0 * 15674,8 * 0.0 = 1.1
3 NE CfELCY * 15674.8 = 0.0 = 15€74.6 » C.0 » 0.2
249 DFCE EL 1 * 1t6/4.6 * ~G:43,6 *  17T131.0 * 0.0 * 0.0
2% THRUST 7® FL 1 * 11131,0 = 0.0 * 11115,9 = 0.0 * 15.0
26 WE = 11115,9 =* 0.0 * 11110.1 =* 0.0 = 5.8
27 TItw EDJ * TITTW, T # C.0 ¥ T11T109,9 ¥ 0.0 * 0.2
2€ NE RLJ *  11109.9 * 0.0 = 11106,8 =» Jg.C # C.1
29 ArLJ *  111(5.8 * 0.0 * 11097.8 = 0.0 =* 12.0
3T WwF % T1097.8 ¥  U0U.,C ¥ TT109Z.0 * C.0 ¥ 5.9
31 SLEW IMU TOI * 11092.0 = 0.0 = 11061.6 =* 0.0 » 0.u4
3z NB IrU TCI * 11061.6 =* 0.0 * 11091.,3 = 0.0 =* 0.3
33 ICT * T1097.3 * 0.0 ¥ Bg78, 0 % ge13.4 ¥ 0.0
34 FUEL CELL VENT * 6L4TE.C = 0.0 =* 6455.,5 = 0.0 = 0.0
3 wuB » 6455.5 * 0.0 = 6453,3 * 0.0 = 2.2
3J€ SLEW NCC ¥  p4ci. 3 ¥ C.0 ¥ E4c3,Z ¥ C.0 ¥ 0.7
37 NE MCC * 64Uc3,2 = 0.0 * 5453,0 =* 0.0 » 0.1
3E MCC * 6453.0 » 0.0 = 6438,2 * C.0 = 14.8
39 WE ¥ BUZE,Z ¥ 0.0 % BUIE, T ¥ 0.0 2.2
4cC SIEw IMU ECI * 643i€.1 » 0,0 =* 6435.,8 =* 0.0 = 0.2
41 NE InU FO1 * 6L35.,8 = 0.C * EU3c,€ * C.0 * 0.3
Gz ECT ¥ E435,6 ¥ 0.0 ¥ 380372 %  2J2€E32.3° ¥ 0.0
43 FUEI CEILILl VEMNT » 38(3.2 » 0.0 * 3780.7 =* 0.0 = 0.0
44 WB * 3780.7 = 0.0 * 377G8.3 * C.0 = 1.4
QS SLEw MCC * J779.3 ¥ 0.0 ¥ 3779.2° % 0.0 ¥ 0.1
4€ NE rCC » 377%.2 * Q0.C = 3779.0 = Q.0 = 0.2
47 rCC * 377¢.C =* 0.0 = 3770.3 » C.0 * 8,7
U8 WE L 3J7T7C.3 ¥ T CL.U ¥ 3768,9 # 0.0 * 1.0
4¢ SIEW IMU CIEC » 37€8.,9 =* 0.0 = 3768,7 =% 0.0 = 0.1
S0 NEF IMU CIKC * 3768.,7 = Jo.0 * 37€8,2 * 0.0 » 0.5
ST TIFC w 37€E.2 ¥ 0.0 % ~3035,0° % T732.9 % 0.0
52 WB * 3035.4 = 0.C =* 2031.7 » C.0 = 3.6
S3 SLEW PIJ x 3031.7 = 0.0 = 3031.7 » 0.0 * 0.1




54 NE ATJ 3031.4

# 30371.7 ¥ C. 0% 3 2.0 #*
€5 ALJ * 3031,4 = 0.0 * 3028,5 * 0.0 =
56 WE * 30Z€,5 = 0,0 * 3024,9 » C.0 »
57 SLEW ECS CAFTURE ST = 024,9 = 6.0 = 3024.8 * 0.0 =
S€ NB ECS CAETUFE ST * 3024,8 » 0.0 = 3021.7 = 0,0 *
59 CCNTINCENCY 1.7% * 3021,7 * 0.0 » 2613,0 » 10€,7 »
22K K K K kK % K kK
TCTALS 30087.1 20

M AEOWODOWNO
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6.3.6 _OPTION 3B
o 6.3.6.1 CONCEPT 310- 3R
!

\‘ GEOSYNCH PERFORMANCE.

REFERENCES

Q. 3B10-! Concept Definition,Tssue 2, dated 29 Aua 1973

b. BaIMD47- 73054 ," Tuj Reiulremen S,Rew:'uoh 2)"dafcd 5 Aug 1973

1
1y

\ .. -
A
GENERAL TINFORMATION
~ WrAxep = 3212 lbs _ Isp= 338.0 sec
Wapaet = 1510 lbs IsPE = 0.983(323) = 332.25 Sec
We = -Pllo =~ Wavppr - AVo = 13967 foq
= (5000 - 1510 AVp = 13835 CPS
IU{ = 63490 lbs
£
wmx s “}F.ggb"?.’(cnnﬁfln?ﬂi'ieS) xD‘PLDt’ = 0.7

"

3212 «» z¢

Tug Length = Lt = 297 m

Ocbiter. PL Bay Length= Lo = 720 in

Avaiiahle P/L Length =lp = Lo - Ly
bp = 720- 297 = 423/n = 35.25 [t

NASA MISSIONS

Single Payload
g 3

-' WBO(DQF‘OS) = v = 3212 40.47¢ 329) = 2L 93 lbs

- 0

S\né\e F/L

S

0. . - - )
wP/L(Depfa'j) = U){,'.U;, LSBT ALY T 5217 s

PAGE €.3=124



CONCEPT 310-3B (cont)

Mulds - Pan\oads

Weo (n gius) = Weor = 3212 +07L534) = 3302.18 b

' , Multi - P/L's
Wey = (o, wes, Isee, Avy, AVe, AV ) = Fig4342 alti
AV =£(d260%)= 292 {ps

DOD MISSIONS

Weo = Weo (nasa) 7‘- AUJCorfm

’ §_l_';)3|e pnt_., Iocu!

Weo = P267.9% -4 13.2 = 32813 Ibs

‘ see

'UP/LC(ka‘J) = ccw:,wec, ISPE, AVy, bV ) = 5164 |bs Fig 4.34.2

tautt) - PmJ\c)(\ ds

Wego = 3202.78 + 13.2 = 3315.98 |bs

. - . WMulh - F/L
Wor = £y, Isre, v, avg, 4v,) = Fiq 4.34.2 et

PAGE €¢.3-125%
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CONCEPT 3I0ARE-38

GEOSYNCH PERFORMANCE

~ REFERENCES:

Q. 3BIOARE-I Concept Definitwn, Issue 2, dated 29 Auq 1973

b. 881Mo47-73054," Tug Reﬁ_uarémen*s, Revision 2," dated 15 Aug 1973

GENERAL JNFORMATION"

Wrixep = 3416 1bs : Ise r 338.0 sec

WapapT

1510 lbs Ispe = 0.983(338.0)= 332.275 sec
Wevev = 107 lbs .

- ' AVu = 13947 fes
W4 = PLo — Waoser = 65000~ 151D AVes = 30 Pps (Retrieve)
W= 63490 Ibs = 130 fps (Round Trp)

A\/b = V3885 FPS

Weo = Weien + X(Consumables)

= 3416 +2Q ¥

[

0.17 'DeFIoj

0.28 Re*ne.‘/e

Y

0.27 Round T__f\.r

Tu3 Leng-}h = Lt = 297 in
Refrieval De\a-j Module Length = Leom = 36 n + diam = 10 8

)

Kie = = () )
ck 5+aae Lehj‘l’h Lk Gb (ks 302, 303)j diam = 10-12 [
= 80w (kS 20l)

Orcbiter P Bay Length = L, = 720
Available P/L Leng-}h = Lo-(Lr+nli) or =Lo-(Lr+Lgpu)

Lpcwrows o gom) = 720-297 = 423 = 35.25 Pt
Lo Cwith Rom) = 720-(297+34)= 387 = 32.25 4
Lp(uth ksam) = T720-(2G7+55) — 343 = |  28.58% )
LP(th Vs ) = 720 -(.Z(}? ,péé) - 357 = 29,75 *_r_’

. = Ve (26 132 )= 29, = , .C . J
Lpcwith 2xs) = 720-(27+132) 24 25 OF ot stae




CONCEPT 310ARE - 38 (cont)
NASA MISSIONS '

WIiTHouT RETRIEVAL DELAY MODE .

Without Kick S+age_s

-Smﬁ' le paﬂ\oo.d

Weo(peploy) = Weox = Werev = 3416+ 0.17(354) - 107 = wlbs
Weo ¢ getreve) = Weor = 34164 0.28(496) = 3554. 55 Ibs

Weo Ceound Trip) = Weor = 3416+ 0-27 Co16) = 3582.32 lhs

See

wP/L(DePhS) = ‘?(wt s Wes, sPC, AV, AVo) = H8H1 lbs F'f] 43'4'2

Woen cpetrieve): Q(wi, Weo, ISPE, AV, AVeo, AV ) T ) 1543 1bs F'i34-5-4.7.

wPll. (Rouvd Tnp)’(.(w&,wge, ISHE, AV, AVeo, AVD) = IOS4 ‘bS F|'3 434.2

Multi- Pag loads

Dep|0\j Onil_.’
Wao = Wer ~Werev = 3416+ 0.17(534)-107 = 3399.78 Ibs

We/L (n vr Deploy) = Fwi,wagTs0e, AVu, AV6, AV )= Fig 4.3.4.2

AYo = £(a00°): 292 Lo
Double DePl03 / Re }reve

Wao = Weor = 341 + 027 (6Ib) = 3582.32 lbs

wP/L * c(mi,Wo,ISPG JA&V, AVa,Nv ) = Fig4.3.4.2

With Kick Stages

Weo (pLaneTary) = Weop-Warew = 3416 +0.17 (269) -107 = 3354.73 |bs

Weo (teuble Deploy ) Weor - Werpv = 341640.17(342)-107 = ?_?2_5;7_'__‘3._“"5
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CONCEPT 310ARE - 38 (cont)

With ¥k Stoqes Ccont)

SO00 b
WeiL (PLANETARY ) =

1o AV* 18400 (ps

KS 30| (see ‘;:13 )

Wen (Double Deplo:j) =

3515 los each

KS 302 (see (-‘.5 )

WiTH RETRIEVAL DELAY MODE

With and Without Kick Stege KS 303

Weo = Weez= 2416+ 027(6019) =

[

]
]

UJP/L = '

F\‘S ]

"DOD MISSHIONS

Weo = Weocnasay+ AWeom = Weocuasay + 33
WITHOUT RETRIEVAL _DELAY MODE

Without Kiclc 51'439;;_

S\nsle 'Pou:_\_oé_c_(

Weo(peploy) = 3361 I + 33 = 3402.1%8 lbs
Weo (Retrieve ) = 3554.8¢ + 3> = 3587.8¢ lbs
Weo Cpound Trp)” 3582.32+ 33 = 3b15.32 lbs

See
UJP/(_ (Deploy) : F(w, Isp, AV) = U720 1bs Fig. 4.3.4.2
WA (Retreve) =¥C ) = (444 Ibs |riq 4.3.4.2
We (Rond Trp)= FC ° ) = 1021 lbs Fg 4.3.4.2
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PAGE
TUG wET

$.3-151

GHT HISTORY

PRO=-APS
*¥EERKRKE

‘ CONFIGe CONCEPT & TP 3J.OARE 3]3
1-STG DEPL 1 PL IN GEOS . B
WT BEF DLTY PAY WT AFT PRO=MAIN
t**t**** _t_tt*t__*_t_t V__*_*t*#ttﬁ ) t_#tt_##** .
""" 1 ST THRuUsST =~~~ "% 63657.0 % 0.0 * 63656.1 % 0.0 %
2 NB8 RELEASE ST * 63656.1 % 0.0 * 63656.1 # 0.0 *
3 ws * 6365641 % 0.0 * 63656¢1 * 040 *
) 4 SLEwW IMU POI Tk 63656.1 % 0.0 * 63639.4 * 0.0 *
5 NB TMU POTI * 63639.4 % 0.0 * 63639.3 * 0.0 *
6 POI e a0 ¥ 6363943 ¥ 0.0 * 43108.0 * 2053143 *
} 7 w8 o % 43108.,0 * 0.0 * 43107.9 * 00 *
8 SLEW MCC * 43107.9 % 0.0 * 43102.2 * 0.0 *
9 NB MCC * 43102.2 * 0.0 * 43102.2 * 0.0 =
10 mMce T * 43102.2 * 0.0 * 43026.6 * T 0.0 %
11 w8 * 4302646 % 0.0 ¥ 43026.5 * 0.0 =*
12 SLEW IMU TOI % 4302645 % 0¢0 * 43015¢2 * 0.0 ¥
“137 N8 IMU TOI h * 43015.2 * 0.0 * 43015.1 * 0.0 *
14  TOI1 * 43015.1 * 0«0 * 30098.9 * 12916,2 *
15 FUEL CELL VENT * 30098.9 % 0.0 * 30080.6 * 0.0 *
16 w8 T T % 30080.6 * 0.0 * 30080.4 % 0.0 *
17 SLEW MCC *  30080.4 % 0.0 * 30076.4 % 0.0 =
18 NB MCC % 30076.4 % 0.0 * 3007644 * 0.0 *
19 MCC T T e 3007648 0.0 * 30027.7 # CeC =
20 w8 *  30027.7 * 0.0 * 30027.4 * 0.0 *
21 SLEW IMU MOI * 300274 % 0.0 * 30019.6 # 0.0 *
22 'NB IMU MOT * 30019.6 % 0.0 * 30019.4 = 040 *
23 MO1 ®  30019.4 * 0.0 * 17533.1 * 12486.4 *
24 FUEL CELL VENT * 17533,1 % 0.0 ¥ 17514.8 * 0.0 *
25 w8 * 17514.8 * 0.0 * 17514,7 * 0.0 %
26 SLEW MCC * 17514.7 * 0.0 * 17512.4 % 0.0 *
‘ 27 NB MCC % 17512.4 * 0.0 * 17512.4 % 040 %
28 Mcc Tk 17512.8 ¥ 040 ® 17469.8 % 0.0 *
29 w8 * 17469.8 % 0«0 * 17469.7 * 0.0 *
30 SLEW DEPLOY % 17469.7 % 0.0 % 174675 * 0.0 %
31 NB DEPLOY T %x 17467.5 % 0.0 * 17467.4 0.0 *
32 DROP PL 1 * 174674 * =~5279.4 % 1218840 * 0.0 *
33 THRUST FR PL * 1218840 * 0.0 * 12171.5 * 00 *
38 wB T B * 12171.5 * 0.0 * 12171.5 * 0.0 =
35 SLFwWw IMU TO1 * 121715 % 0e0 %X 1217049 % 0«0 %=
36 NB IMU TOI * 121709 % 0e0 * 12170.6 * 0.0 =
37  TO1 ’ * 12170.6 % T0e0 *  T114.2 *# 5056.4 *
38 FUEL CELL VENTY * T114.2 * 0.0 * 7096.0 =* 0«0 *
39 wB * 709640 * 0.0 * 7094.2 * 0.0 *
40 SLEwW MCC D * T 7094.2 % 0.0 ¥ 7094.0 * 0.0 x
41 NB MCC * 7094.,0 * 0.0 * 7093.9 * 0.0 *
a2  MCC * 7093.9 * 0.0 % 7076.7 * 0.0 *
a3  wB *  7076.7 * Te0 ®  7074.9 % 0.0 *
44 SLEW IMU POI * 7074.9 * 0.0 * 7074.6 * 0.0 *
45 NB POI * 707446 * 0.0 % 7074.3 * 0.0 *
. ‘a6 POI i * 707a.3 * 0e0 * 495848 * 2115.6 %
47 FUEL CELL VENT * 4958,8 * JeO * 4940.5 * 0.0 *
48 w8 * 4940-_5 _f__ 00 0.0_‘17 i _&?,;,9,,’_9_,_{‘~ o 0-0 *
"7 7 a9 sLEw Mcc T "®  T4939.4 x 0.0 * 4939.,3 * 0.0 %
S50 NB MCC * 49393 * 00 = 4939.1 * 0«0 *
51  MCC * 4939,1 = 0.0 * 4931,.1 * 0.0 *x
T T 52 wB - T 49311 7 0.0 * . 4929,9 * 0.0 *
53 SLEW IMU CIRC * 4929,9 * 0.0 * 4929.,6 * 0.0 *
54 NB CIRC * 4929,6 * 0.0 * 4929,3 * 0.0 *

Ce9
Ce0
0.0
1667
Ol
6.0
Ol
Seb6
040
TSe7
[
11.3
Ot
0.0
0.0
G.3
3.9

0.0

N - 4
Tle s

0e3
Te9
Cel
0.0
0.0
Oel
243
0.0
425
Oel
2e¢3
Cel
0.0
1€.5
0.0
Oe7
Oe2
0.0
0.0
1.8
0.2
Oel
17.2
le7?
0.4
0«2
Ce0
Oe0
(Lol
[
Ce2
840
1.3
0.3
0.3




!
|
|
|
|

|
|
|
|

|
|
(
|
|
1

3-142

§85 CIRC *  4929,3 x 0.0 * 3355.6 ¢ 1573.7 % 0.0
56 wB &  33585.,6 % 0.0 ¢ 3355.,1 @ " 0.0 % 0.6
87 SLEW MCC * 335541 * 0+0 =% 3355.0 = 0.0 = Oe1l
. S8 NB MCC * 3355.,0 * 0.0 %= 3384,7 % 040 % 0.2
. 59 ADJ *  3354,7 & 0.0 ¢ 3349,3 =» 0.0 * S.4
60 w8 * 3349.,3 % Oe0 *. 3346.9 % 0.0 = 2.4
61 SLEW EOS CAPTURE ST =% 3346.9 * 0.0 % 3346.8 * 0.0 % [+ I |
62 NB EOS CAPTURE ST * 3346,.8 =% 00 %= 3334.6 % 0«0 * 22
63 CONTINGENCY 1.7( *  3344.6 % 0.0 % 320241 % 142.5 ® 0.0
b2 22 23 2 F 3 ek
TOTALS 54822.0 280.4
TUG DELTA=~V BUDGET
CONFIGe CONCEPT O TP 310ARE-3B._... __. —
1-STG DEPL 1 PL IN GEOS
t DV _MAIN DV APS _ o
#0k ¥ Aok ok ok Rk kK
1 ST THRUST * 0e0 = 0.1
6 POI * 423640 % 0.0
10 MCC *® 0«0 % 13.0
.14 YOI * 3883.0 * 0.0
19 MCC . .00 * = 12,0 . —
22 Mot * 5848.0 % 0.0
28 MCC * 0.0 % 18.0 )
33 THRUST FR PL * Q) * 10.0
37 TO1 * 5839.,0 =* 0.0
42 MCC * 0.0 * 18.0
46 POI * 3864.0 * 9.0
S1 MCC *x 0«0 * 12.0
55 CIRC * 4182.,0 * 0.0
59 ADJ * 0.0 * 12.0
63 CONTINGENCY 1.,7¢( * 4735 % 0.0
LI 32 2 %13 b2 X 38 2 2 F
TOTALS 28325.5 9541 _
PAGE 6.
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TUG WEIGHT HISTORY

PRO=APS
kg koK ok
0.9
0.0
0.0
1647
0ol
.0
Gel
506
VO
75.7
0.1
11.3
0.1
0.0
UeO
0.3
3.9
0.0
48.7
0.3
7.9
0.1
0.0
0.0
Cel
243
0.0
42,5
0ol
243
Ol
0.0
20.5

1.5
0.8

0.0
0.0
36
0.4
0.0
2.0
3.5
0.4
0.0
0.0
Se3
0.4
0.0
0.0
1.7
008
0.0
0.0

'
t

WT BEF DLT PAY wT AFT PRO~MA IN
‘***z’i:”, tt!}t:t!” .§t‘t#ttt‘ t*#tt*tt
ST THRUST % 6365740 % 0.0 * 63656+1 % 0.0 *
NB RELEASE ST * 63656e1 * 0.0 * 63656.1 % 0.0 x
wB * 63656.1 # 040 * 63656.1 * 0.0 *
"SLEW IMU POT * 63656.1 % 0.0 * 63639.4 % 0.0 *
NB IMU POI * 636394 ¥ 0.0 * 63639.3 % 0.0 *
POI % 63639.3 * 0.0 * 43108.0 * 20531.3 #
we T T * 43108.0 % 0e0 * 43107.9 * 0.0 *
SLEW MCC * 43107.9 * 0.0 * 43102.2 % 0.0 *
NB MCC * 43102.2 * 0.0 * 43102.2 * 0.0 %
‘McC o * 43102.2 * 0.0 * 43026.6 * 0.0 =
wB X 4302646 * 0«0 * 43026.5 * 0.0 =
SLEW IMU TOI = % 4302645 % 0e0 * 43015.2 * 0.0 *
NB IMU TOI * 43015.2 * 0.0 * 43015.1 * 0.0 *
TO1 * 4301541 = 0.0 * 30098.9 * 1291642 *
FUEL CELL VENT * 30098.9 ¢ 0.0 * 30056.9 # 0.0 *
W8 * 3005649 * 0.0 * 300S6.6 * 0.0 *
SLEW MCC *  30056.6 * 0.0 * 30052.7 * 0.0 *
NB WCT * 30082.7 = 0.0 & 30052.7 *  0e0 *
mcc T T * 30052.7 * 0.0 * 30004.0 * 0.0 =
w8 *  30004.0 * 0.0 * 30003.7 * 0.0 *
SLEW IMU MOI *  30003.7 * 0.0 * 29995.9 * 0.0 *
'NB IMU MOT % 29995,9 #* 0.0 * 29995,7 * 0.0 *
MOT *  29995,7 % 00 % 17519.2 % 12476.5 *
FUEL CELL VENT = ® 17519.2 » 0.0 * 17477.,2 * == 0.0 *
ws £ 17477.2 » 0.0 * 17477.1 * 0.0 *
SLEW MCC *  17477.1 % 0.0 * 17474.8 * 0.0 =*
NB MCC & 17474.8 * 0.0 * 174748 *# = 0.0 *
Mcc T T ® 17474.,8 % 0.0 * 17432,3 * 0.0 *
w8 *  17432.3 % 040 * 17432.2 * 0.0 *
SLEW DEPLOY ¥ 17432.2 % 0s0 * 17430.0 * 0.0 *
N8 DEPLOY T T % 1743040 * 0.0 * 17429.,9 * 0.0 *
DROP PL 1 *  17429.9 & =2236.,0 * 15193.9 * 0.0 =
THRUSY FR PL ¥ 15193,9 * 0.0 * 151734 % 0.0 *
wa T T % 15173.4 &7 0.0 * 1S171.8 * 0.0 #*
SLEW IMU POl x 1517168 % 00 = iS51iTie0 = S0 *
N8 IMU POI * 15171.0 % 0.0 * 15171.0 # 0.0 *
POI T ) ¥ 15171.0 * = 0.0 * 1492640 * 244,9 %
wB * 1492640 ¥ 0.0 * 14922.5 % 0.0 *
SLEW ADJ *  14922,5 % 0.0 * 14922.1 = 0.0 *
N8 ADJ *  18922,1 * 0.0 * 14922.0 = 0.0 =#
APOGEE ADY * 14922.,0 * 0.0 & 14920.0 * 0.0 *
wB *  14920.0 * 0.0 * 14916.5 * 0.0 *
SLEW ADJ * 14916,5 * 0.0 & 14916,1 * 0.0 =
NB ADJ * 14916.1 * 0.0 * 14916.0 * 0.0 *
PHASE ADJ * 14916,0 * 0.0 * 14916.0 = 0.0 *
wB T % T 1891 6.0 * 0.0 * 14910.7 * 0.0 =
SLEW MCC * 149107 % GCeO = 149103 * 040 %
NB McC * 14910.3 * 000 * 14910.3 ¢ = 0.0 *
McC 77T % 71491043 * 0.0 * 14910.3 * 0.0 *
w8 * 14910.3 * 0.0 * 14908.6 * 0.0 *
SLEW IMU MOl * 1490846 % 0.0 * 14907.7 * 0.0 *
NB TMU MOT T TR 149077 * 0.0 * 14907.7 * = 00 *
MO1 *  14907.7 * 0.0 * 14667.0 % 240.7 *
w8 % 14667.0 % 0.0 * 184667.0 * 040 %

0.0



55 SLEW CORR * 14667.,0 % 0.0 * 1466646 % 00 X 0.4
56 NB CORR ¥ 1466646 % 0.0 * 14666.5 * 040 * 0.1
57 CORRECT * 1466645 % D0 * 14664.5 % 0.0 * 2.0
i s8 w8 * 14664.5 % 0.0 * 14664.5 % 0.0 * 0.0
59 SLEW DEPLOY * 14664.5 % 0.0 * 18664,.1 % 040 * Oca
60 NB DEPLOY * 14664.1 % 0.0 % - 14664,0 & _0e0 * __Oel
61 DROP PL 2 ¥ 14664,0 ¥ =2236.0 * 12428.0 * 0.0 * 0.0
62 THRUST FR PL *x 12428,0 * 0.0 * 12411 .3 = 0.0 % 168
63 WB ¥ 1241143 % 0¢0 * 12404,9 * 00 % 6e3
64 SLEW IMU TOI * 12404,9 % 0¢0 * 12404.2 * 0.0 = .07
65 NB IMU TOI & 12408,.,2 % 0¢0 * 12404.0 * 0.0 * 0.2
66_ Yol *_ 12404.0 * 00 % 725046 % 51533 % 0.0
67 FUEL CELL VENT * 72506 % 0.0 * 7208.6 * 0.0 * 0.0
68 wB * 7208.6 * 0.0 % 7206.9 % 040 * 17
69 SLEW MCC & 720669 * 0.0 * 720647 * 0.0 * 0e2
70 N8 MCC * 720647 * 0.0 * 7206.6 * 0.0 * 0.1
71 MCC * 7206.6 * 0.0 * 7189.1 * 0.0 =* 1745
72 w8 % 718941 % _ 040 * 7187.4 % 0.0 ¥ 1.7
73 SLEw IMU POIl * 718744 * 0.0 * 7187.0 * 0.0 * C.4
74 NB PO1I * 71870 % 0.0 % 71868 % 00 %= 0.2
75  POI * 718648 * 0.0 * 5037.6 # 2149.2 % 0.0
76 FUEL CELL VENT * 5037.6 * 0.0 * 4995,6 * 0.0 * 0.0
77 wB * 4995,6 * 0.0 = 4984.5 % 0.0 * 111
78 _SLEW MCC ¥ 4984,5 * Oe0 * 4984.4 % == Q0,0 * === 0.1
75 N8B MCC * 4984 .4 % 0.0 % 4984,.2 * 0e0 * Oel
80 MCC * 4984 ,2 * 0.0 * 4976.1 * 0e0 =% Bel
81 w8 * 497641 * 0.0 ¥ 4978,9 * 0.0 * 12
82 SLEW IMU CIRC * 4974,9 * 0.0 * 4974.6 * 0,0 * 0.3
83 NB CIRC * 4974,6 * 0.0 * 4974.3 * 0.0 * 0.3
84 CIRC % _4974.3 * 0.0 # 3386.3 *«  15688,0 % 0.0
85 wB *x 33863 * 0.0 * 33857 * 0e0 % Oe6
‘ 86 SLEW MCC « 3385,7 % 0.0 * 3385.6 # 0.0 * Oel
87 NBMCC * 3385.6 % 0.0 *# 3385.4 =% 00 * 0.2
88 ADJ x 3385.4 % O0s0 %= 33799 % Qe0 % S5e8
89 WB * 3379.,9 * 0,0 * 3377.6 % 0.0 * 2.4
90 SLEW EOS CAPTURE ST #  3377.6 * = 0.0 *  3377.5 ¥ _ . 0.0 * 0.1
91 NB CAPTURE * 3377.5 * 0.0 * 33753 * 0.0 * 2.2
92 CONTINGENCY 2( * 3375.3 % 0.0 * 3201.7 * 173.5 * 0.0
e _ . . . . . .o A dk ek ¥k ok ok
TOTALS 554738 34515
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TUG DELTA=V BUDGET

CONFIGe CONCEPT © TP 3)10ARE-3B

1-STG DEPL 2 PL IN GEOS

DV MAIN DV_APS
kkkEEk ek t 22 2232 X34
1 ST THRUST * 0.0 % Oel
6 POI1 * 423640 % 040
10 MCC * 0.0 = 13.0
14 TOI1 * 3883.0 =* 0.0
19 MCC * 0.0 = 1240
23 MOl * 5848.,0 = 0.0
28 MCC * 0.0 = 18.0
33 THRUST FR PL * 0.0 = 10.0
37 POl * 177.0 = 0.0
41 APOGEE ADJY * 0s0 % 1.0
53 MOl * 1770 = 0.0
S7 CORRECT = Oe0 = 10
62 THRUST FR PL * 0.0 * 10.0
66 TOI! * 5839.0 = 0.0
71 MCC * O0¢0 % - 18.0
7s POI1 * 3864,0 % 0.0
80 MCC * 0.0 % 12.0
84 CIRC *. 4182.0 =* 0«0
88 ADJ * 0.0 * 12.0
92 CONTINGENCY 2( * 574.0 = 0.0
Sk Rk Rk kk Kk kkkkkk
TOTALS 28780.0 107 .1
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TUG WEIGHT HISTORY
| . CONFIG. CONCEPT 0 TP 310ARE-3B !
| .. 1-STG DEPL 1 PL IN_GEGS, NUDG 1 PL
i wT BEF OLT PAY wT AFT PRO~MA IN PRO=-APS
**#tﬁ!*ft__ }fty*}# ~ #ttv#*tt* e 3k ok ok ik ok L2223 2331
1 ST THRUST * 63657.0 % 0.0 % 63656.1 % Qe = 0.9
2 NB RELEASE ST * 6365641 « 00 * 6365641 * 0.0 * Jel
. 3 w8 o * _63656e1 X 0.0 * 63656.1 % 0.0 * 0.0
4 SLEw IMU POIL * 6365641 # 0.0 * 63639.4 % 0.0 * 16.7
S NB IMU POI *  63639,4 * 0.0 * 63639,.,3 % 0.0 * 0ol
) 6 POl - *  63639.3 ¢ 00 * 43108.0 * 2053143 % 0.0
7 CONSUM * 43108.0 * 0.0 * 43066.5 * 0.0 = 0.0
8 wB % 4306645 * 0.0 * 43066.4 * 0.0 % 0.1
9 SLEW MCC % 4306644 * 0.0 * 43060.7 % 0.0 * 5.6
10 NB McCC * 43060.7 * 0.0 * 43060,7 * 0.0 * 0.0
11 MmccC * 430607 * 0«0 * 42985,1 * 0.0 = 7546
! .. 12 wB . _ % 4298541 * = 0.0 * 42985.1 * _0+0 ® 0.1
| 13 SLEW IMU TOI *  42985.1 % 0.0 ¥ 42973,8 * 0.0 * 11.2
14 NB IMU TOI *  42973.8 * 0.0 * 42973,7 * 0.0 * Cel
1 vor__ . * 4297347 % .00 * 30069.9 % 12903.8 *# 0.0
16 FUEL CELL VENT * 30069.9 % 0.0 * 30028.4 % 0.0 * 0.0
17 w8 * 30028.4 * 0.0 * 30028.2 * 00 * 0.3
18 SLEW MCC * 30028.2 * .00 _* 30024.2 * 0.0 * 3.9
19 NB MCC *  30024.2 * 040 * 30024,2 = 0.0 * 0.0
20 MCC * 30024.2 % 0.0 * 29975.,6 * Ce0 * 4846
.2l wB_ . % 29975.6 * 0.0 #* 29975.3 * 0.0 % 0.2
22 SLEw IMU MOI * 29975¢3 % 0.0 ®* 29967.5 * 0.0 x* 7.8
23 NB IMU MOI * 29967.5 % 0.0 * 29967.3 # 0.0 * 0.1
. 24 wmoOr ¥ _ 299673 % = 0.0 * 175027 %® 12464.7 * 0.0
= - - ® 1750247 * 0.0 * 17502.5 * 0.0 % 0.1
26 SLEW ADJ * 175025 * 0.0 * 17500.2 # 0.0 * 2.3
‘ .27 NB ADJ * 1750042 * 000 * 175002 * = 040 % 0.0
28 ADJ * 1750042 * 0.0 * 17457.7 * 0.0 * 42.5
29 w8 *  17457.7 % 0.0 * 17457.6 * 0.0 * 0.1
30 SLEW DEPLOY * 1745746 % 0.0 # 17455.3 # 0.0 ¢ 2,3
31 NB DEPLOY * 17455,3 # 0.0 * 17455,2 * 0.0 * 0.1
32 DROP PL 1 * 17455.2 * —2885.0 * 14570.2 * 0.0 * 0.0
33 THRUST FR pL ® 14570.2 % 0.0 * 14550.6 % 0.0 * 19.7
34 w8 * 1455046 % 0.0 * 14550.4 x 0.0 * 0ol
35 SLEW IMU POl * 14850.4 & 0:0 & 14549.6 #* 0.0 = 0.8
36 NB IMU POT * 14549,.6 & 0.0 * 14549,5 * 0.0 * 0ol
37 POl *  14549.5 = 00 ® 14473,4 # 7641 % 0.0
38 wa € 14473,8 * 0.0 * 14469.8 * 0.0 ® 3.6
39 SLEW ADJ * 16469,.8 % 0.0 * 14469,4 = 0.0 * 0.4
40 NB ADJ * 14469,4 % 0e0 * 14469.4 » 0.0 * 0.1
41 APOGEE ADJ *  14469.4 # 0.0 * 14469,3 * 0.0 * 0.1
42 ws i ¥ 1446943 * 0.0 * 14465,7 * 040 * 3.6
43 SLEW ADJ * 14465.7 * 0.0 * 14465.3 =* Oe0 * 0.4
44 NB ADJ *  14465,3 * 0.0 * 14465,2 * 0.0 * 0.1
.S PHASE ADJ % 14865.,2 % 0.0 % 14465,1 * 0.0 _* 0.1
46 w8 ) *  184465,1 * 0.0 * 14457.9 * 0e0 * 7.3
47 SLEwW MCC * 14457,9 * 0.0 * 14457,.5 * 0.0 = 0.4
.. 48 NB MCC . ¥ 18457,5 % 0.0 * 14457.4 ¥ 0,0 * O.1
49 MCC *x  10457.4 *% 0.0 * 14457,.3 = 0.0 * Oel
S0 w8 * 14457,.3 % 0.0 * 14450.1 =* 0.0 * 7.3
S1  SLEW IMU MOI *  14450.1 * 0.0 * 14449,3 * 0e0 ¥ 0.8
'52 NB IMU MOT * 14449,.3 % 00 * 14449,2 * 0.0 * 0.1
53 MOl * 14449,2 * 00 * 14373.6 = 75.5 % 0.0
54 w8 * 14373.6 % 00 ® 14372,5 % 0.0 * 1.2




55 SLEW TRACK *x 14372.,5 #* 00 %x 14370.,5 * De0 * 200
56 NB TRACK * 14370.5 % 0«0 * 14366,0 % 00 % 45
57 TPI ¥ 14366.,0 % 0.0 * 14319,.,9 * 46,2 * 0.0
58 SLEW TRACK * 14319,9 & 0.0 * 14317.9 * 0.0 % 240
59 NB TRACK * 14317,9 = 0.0 * 14314.8 * 0.0 * 3.1
60 MCC * 14314,.8 * 0.0 % . 14314,6 * 0,0 * Qo2
61 SLEW TRACK *  143148.6 % 0.0 = 14312,7 * 0.0 * 2.0
62 NB TRACK * 14312,7 % 0s0 * 14309.5 % D0 % 361
63 TPF * 14309.5 * 0.0 * 14242.0 * 0.0 % 67eS
64 SLEW DOCK * 14242,0 * 0.0 * 14238.1 * 0.0 * - 349
65 NB TRACK * 14238.1 % 0.0 # 14235.0 * 0.0 % 3.1
66 DOCK PL 2 *  14235.0 * 040 * 14219,6 X 0.0 * _ 15e4
67 ADD PL 2 ®  14219,6 % 2885.0 * 17104.6 * 0.0 * 0.0
68 WwB X 17104.6 % 040 * 17104.4 % 0.0 * 02
69 SLEW NUDGE * 17108.4 % 0.0 * 17102.2 * 0.0 * 242
70 NB * 17102.,2 * 0.0 * 17102.1 * 0.0 * Oel
71 NUDGE PL 2 * 17102.1 * 0.0 * 152031 % 1899.0 * 0.0
72 wB * 15203,1 * 0.0 * 15202.2 * 0.0 * 0.9
73 SLEW ADJ * 15202,2 * 0.0 * 15200.2 * 0.0 * 240
74 NB ADJ ®x 152002 * 0.0 * 15200.1 * D0 % Ce0
75 ADJ * 15200.1 % O0¢0 * 15194.,0 # 0.0 * 662
76 wB * 15194,0 * 0.0 * 15193,1 % 0.0 * 0.9
77 SLEW DEPLOY PL 2 * 15193.1 % CeD * 1519141 * 0.0 * 2.0
78 NB DEPLOY PL 2y TH ¥ 15191.1 ¥ =~ 0.0 * 1S5191.0 ¥ = 0.0 * .2
70 DROP PL 2 * 15191.0 ¥ =3257,0 % 11934.,0 * 0.0 * G0
80 THRUST FROM PL 2 * 11934.,0 % 00 * 11917.9 * Vel * i6ei
81 w8 ¥ 11917.9 % 0.0 * 11914,7 ¢ 0e0 * 3.2
82 SLEW IMU TOt * 11914,7 ¥ = 0e0 * 11914,0 * = 0.0 * 0.7
83 NB IMU TOI * 11914.,0 % 0.0 ¥ 11913,.,8 x 0s0 * 0.2
8a TOI o * 11913.8 * 0e0 * 7821.8 *  4092.1 * Ge0
85 FUEL CELL VENT * 7821 .8 x 0e0 * 77803 * 0.0 * 0.0
86 w8 * 778043 * 00 * 7778.8 % 0.0 % 1.4
87 SLEW MCC * 7778.8 * 0.0 * 777846 * 040 * Q2
88 NB MCC TR TT778.6 * 00 % 7778.5 # 0.0 =» 0.1
89 MCC * 7778.5 % 0.0 * 7763.8 * 0.0 * 14.7
90 wB % _ 7763.,8 % 0.0 & 7762.4 % 0.0 % 1e4
91 SLEW IMU POI * 7762.4 % 0.0 % 7762.0 * 040 * 0.4
92 NB IMU POI * 7762.0 % 0.0 * 7761.8 * 0.0 * 0.2
93 pOI * 7761.8 % 0.0 * 6014.2 * 1747.6 * 0.0
94 FUEL CELL VENT % 50ide2 * 0.0 *  5072.7 x 0.0 % 0.0
95 W8 * 5972.7 % 0.0 * 59714 * Ce0 * 1.3
96 SLEW MCC L% 5971.4 % 00 * S97143 * = 0.0 * _ 0.2
97 NB MCC * 597143 * 0.0 * 5971.1 * 0.0 * 0.1
98 MCC * 59711 * 0.0 * 596447 * 0.0 * €e5
99 w8 * 59647 * 0.0 % 5963.4 * 0.0 = 1.3
%% SLEW IMU CIRC & 5963¢6 %X 0 0.0 * 5963,0 * 2 0.0 = 0.3
xk NB8 CIRC * 5963.,0 * 0«0 =* 59628 % 00 % 0.2
*%x CIRC * 596248 * 0.0 * 3670.7 * 2292.1 * 0.0
** w8 TR T 367047 ¥ 0.0 * 366640 * 0.0 * 4.7
%% SLEW ADJ * 3666,0 % 0.0 * 3665.9 * 0.0 * 0.1
** NB ADJ * 3665.9 % 0.0 % 3665.7 * 0.0 * 0.2
*% ADJ - * 3665.7 * 0.0 * 3657.8 * 0.0 = 769
*k w8 * 36578 * 0.0 =% 3654.4 % 00 » 34
** SLEW EOS CAPTURE ST * 365444 * 0.0 * 365443 * 0.0 * 0ol
*% NB CAPTURE *  3654.3 % 0.0 *  3652,3 * 0.0 * 2.0
*% CONTINGENCY 2( * 365243 * 0.0 * 3468.4 * 184.,0 * 0.0
) Rk kkk gk Aok o sk ok ok
TOTALS - T T 56312.2 453,2
PAGE
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CONF IG,

TUG DELTA-V BUDGET

CONCEPTY O TP 310ARE-3B

1-STG DEPL 1 PL IN GEOS., NUDG 1 PL
OV NAIN DV _APS
kR kkk kK k%%
1 ST THRUST * 0.0 = [
6 POI * 423640 * 0.0
11 MCC * 0.0 % 13.0
15 TvTOI * 3883.0 = 0«0
20 MCC * 0.0 * 1240
24 MOI * 5848,0 * 0.0
28 ADJ *x 0.0 * 18.0
33 TYHRUST FR PL * 0.0 * 10.0
37 POI * 7.0 * 0.0
41 APOGEE ADJ * 0.0 * 0.0
45 PHASE ADJ * 0.0 * 0.0
49 MCC * Ce.0 = 0.0
$3 MOI * 57.0 * 0.0
s7 TPI1 * 35.0 * 0.0
60 MCC * 0.0 * . Oel
63 TPF * 0.0 = 35.0
66 DOCK PL 2 * 0.0 = 840
71 NUDGE PL 2 * 1280.0 * 0.0
75 ADJ * 0,0 * 3.0
80 THRUST FROM PL 2 * 0.0 * 10.0
8a 701 * 4576.0 % 0.0
89 MCC * 0.0 * 14.0
93 POl * 2774,0 * 0.0
98 MCC * 0«0 % 8.0
**x CIFC * 5276.0 % 0.0
*x ADJ * 0.0 * 16.0
*% CONTINGENCY 2( * 562.0 * 0.0
Xk kkkkkk kkkk¥kkEXk
TOTALS 2858440 147,3
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f— 27 —

CONFIGe.

O DNPAP WN

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

28
29
30
31
32

33

‘34
a5
36
37
38

39

40
41
a2
43
44

46
47
48
49
se
S1
s2
S3
Sa

PAGE £.3=140
“TuG

WEIGHT HISTORY

4s _

CONCEPT 0 TP 310ARE-3B
1-STG DEPL 1 PL INTO GEOS, RETR 1 PL_
wY BEF DLY PAY WT AFT PRO-MAIN PRO-APS

. ; ;5*25113*‘ kR KkER ~ SREkEkEEREEK kKR kK 3 3k ok ok ok ko
ST THRUST * 636570 x 0e0 * 63656.1 % Ce0 * 0.9
NB RELEASE ST * 6365641 * 0.0 =* 63656.1 * 0.0 * Q.0
w8 _ . - *®  63656.1 % 00 % 63656.1 x 0.0 * 0.0
SLEW IMuU POI * 63656.1 % 0.0 * 63639.4 % 040 % 167
NB IMU POI * 63639.4 %' 0.0 % 636393 % 0.0 % Cel
PO1 % 63639.3 % 0.0 * 43108.0 % 20531.3 * 0.0
CONSUM * 43108.0 * 0«0 * 430675 * 0.0 * 0.0
w8 * 430675 ¥ 0.0 * 43067.4 * 0.0 * Oel
SLEW MCC_ ¥ 43067.4 ¥ = 0.0 * 430618 % 0.0 * -1
NB MCC ¥ 43061.8 * 0«0 * 43061.7 * 00 * 0.0
MCC ¥ 4306147 * 0.0 ¥ 42986.2 * 0e0 * TS5e6
ws * 4298642 % 0.0 % 42986e1 % 0.0 % 0.1
SLEwW IMU TOI * 42986.1 * 0.0 =* 42974.8 * 0.0 =% 11.2
NB IMU TOI1 * 42974 .8 % 0.0 % 42974.,7 % 0.0 * Oel
TO1 * 4297a,7 * 0.0 * 30070.6 * 12904.1 * 0.0
FUEL CELL VENT * 30070.6 * 0«0 % 30030.1 % 0e0 * 0.0
w8 * 30030.1 * 0.0 = 30029.9 * 0e0 %* 0.3
SLEW MCC. % 30029,9 % 0.0 %_ 30025,9 % 0.0 % 3.9
NB MCC * 3002549 % 0.0 % 30025.9 * 00 * 0.0
MCC * 30025.9 * 0.0 * 299773 * Oe0 * 48,7
wB ¥ 2G9977.3 * 0.0 = 299770 ®* = 0,0 * 03
SLEW [MU MOI X 29977.0 * 0.0 %= 29969.2 % 0.0 = 7e8
NB IMU MOI * 29969,2 % 0.0 = 29969.0 = 0.0 % Oe1
MOI % 29969.,0 ¥ 00 * 17503.6 * 12465.,4 * 0.0
wB * 17503+6 * 040 * 17501.5 * 0.0 * 201
SLEwWw ADJ * 175015 % 0.0 * 17494,6 * Oe0 * 69
NB ADJ * 17454,.,6 % 0.0 * 17494,5 * 0.0 = Ol
ADJ APS PER NOD * 17494 ,5 * 0«0 % 17452.,0 % 0.0 % 425
wB * 17452.,0 * 0.0 * 17449,9 * 0.0 * 22
SLEW DEPLOY PL 1 # 17849.9 % 0.0 % 17447.6 % 0.0 % 2.3
NB DEPLOY PL 1§ * 17447 .6 * 0.0 %* 17447.4 * Ce0 =* O0e2
DROP PL 1 * 17447,.,4 % -988.0 * 16459.,4 * 0.0 % 0.0
THRUST FR PL 1 % 16459.4 % 0.0 % 16437.2 * 0.0 & 22.2
w8 * 16437.,2 * 0.0 % 16427.7 * 0.0 % 95
SLEW IMU POI * 18427.7 = .0 % 16426.8 = C.0 % Ce3
NB IMU POI * 1642648 * . 0e0 %  16426,7 * 040 * 0.l
POI 6 * 1642647 % 0.0 =% 16419.2 * Teb6 * 0.0
wB * 16419,2 * 0.0 * 16415.,9 * 0.0 * 3.2
SLEwW ADJ * 16415.9 * 0.0 * 16415.5 * _0e0 * CeS
NB ADJ * 164155 % 00 % 16415.4 * 0.0 * 0.0
APOGEE ADJ * 16415.8 * 0.0 * 16415.3 * 0.0 % Oe1
w8 i ¥ 16415.3 * 0.0 = 16412.,1 * 00 * 362
SLEW ADJ * 16412.1 % 0.0 * 16411.7 = 0«0 = 0eS
NB ADJY * 16411 .7 * 0.0 %* 16411.6 * 0.0 = 0.0
_PHASE ADJ * 16411.,6 * 0.0 = 16411,.,5 * 0.0 * Q.1
wB * 16411 ,5 % 0.0 = 164067 * 0.0 * 4.8
SLEW MCC * 16406.7 % C.0 = 16406.,3 * 0.0 = O.a
NB McC * 1640643 * .0e0 * 16406.2 * 0.0 * 0.0
MCC * 1640642 * 0.0 = 16406,1 % 0.0 * Oel
w8 * 1640641 * 0.0 * 16404.6 * 0.0 * 1.6
SLEW IMU MOI % 16408.6 % 0.0 * 16403.7 % 0.0 & 0.9
NB IMU MOT * 16403,7 * 000 * 16403,6 * 0.0 * 0.l
MOt * 16403.6 % 0«0 % 16305.8 % 978 * 0.0
SLEW TRACK * 16305.8 « 0.0 x 16303.6 * 00 % 2e2




55 NB TRACK * 16303.6 * 0.0 * 16300.,7 * 0.0 * 2.8
56 TPI * 16300.7 * 00 * 16248.4 =% 52.4 # 0.0
57 SLEW TRACK * 1624B.4 % 0.0 * 16246.1 * 0.0 % 2.2
58 NB TRACK * 1624641 * 040 * 16243,3 » 0.0 % 2.8
59 MCC * 16243.3 % Oe0 * 16243.1 = 0.0 * Ce2
60 SLEW TRACK £ 16243.1 * 0.0 % 16240,.8 % 0eC * 2.2
61 NB TRACK * 16240,8 % 0e0 * 1623746 % 0.0 * a2
62 TPF % 16237.6 * 00 * 16161.0 * 0.0 * 7646
63 w8 £ 16161.0 * 0.0 * 16160.8 % 0.0 * Ce2
64 SLEW DNCK * 16160.8 » 0.0 *# 1615643 ¥ 0.0 * 4.4
65 NB DOCK * 16156,3 = 0.0 = 16156.0 * 0.0 = Ced
66 DOCK PL 2 * 16156.0 * 0.0 * 16138,5 # 0.0 * 17.5
67 ADD PL 2 * 16138.5 * 08840 * 1712645 * 0.0 * 0.0
68 wB *¥ 1712645 * 0«0 * 17124.3 % 0.0 * 2.2
69 SLEW IMu TOI x 17124.3 # 0e0 * 17119.8 * 0.0 # 4.5
70 NB IMU TOI * 17119.8 = Ce0 * 17119.7 * 0.0 * 0.2
71  TO1 * 17119.7 x 0e0 * 10007.2 # 711245 * 0.0
72 FUEL CELL VENT * 10007.2 * 0.0 * 9966.7 # 0.0 * Ded
73 w8 £ 996647 % Vel % 9965.8 * 0.0 * Ve9
74 SLEW MCC ¥  9965.8 % 0.0 * 9964.5 * 0.0 * 1.3
75 N8 MCC *  9964,5 % 0.0 * 9964.4 * 0.0 * 0ot
76 MCC * 9964 .4 * 0.0 * 9940,2 * 0.0 % 2442
77 w8 *  9940.2 * 0.0 % 9939,3 % 0.0 * 0.9
78 SLEw IMy POI *  9939,.,3 % 060 * 993647 * 0.0 * 2.6
79 NB IMU POIL *  9936.7 * 0.0 * 9936.6 * 0.0 * 0e2
80 POI * 993646 * 0.0 * 696S.1 % 297145 * 0ed
81 FUEL CELL VENT £ 6665.1 * 0.0 % 6924.,6 * 0.0 * 0.0
82 w8 ®  6924.6 % 0.0 * 6924,0 * 0.0 * 0.6
83 SLEW MCC £ 6924.0 * 0.0 % 6923.1 * 0.0 * 0.9
84 NB MCC * 6923.1 * 0.0 % 6923.,0 * 0.0 #* Oe1
85 MCC *  6923.0 % 0.0 * 6911.8 » 0.0 % 11.2
86 WB &  6511.8 % 0.0 * 6911.2 % 0.0 * 0e6
87 SLEW IMU CIRC ¥ 6911.2 * 0.0 * 6909.3 % 0.0 * 1.8
88 NB IMU CIRC *  6909.3 * 0.0 * 6909,.2 * 0.0 * 0.2
89 CIRC £ 65C9.2 % 0.0 * 4703.4 * 2205.7 * 0.0
90 w8 *  4703.4 % 0.0 * 4703.2 * 0.0 = 0.3
91 SLEW ADJ * 47C3.2 * 0.0 * 4702.6 * 0.0 * Ceb
92 NB ADJ ®  4702.6 * 0.0 # 4702.4 * 0.0 % Cel
93 ADJ *  4702.4 % 0.0 » 4694.8 * 0.0 * 7.6
94 wWB * 46548 # 0.C * 450a.3 = 0.0 * 0.5
95 SLEW EOS CAPTURE ST %  46964,3 =% 0.0 % 4693.7 * 0.0 * 046
96 NB CAPTURE *  A4693.7 * 0.0 % 4692.6 * 0.0 * 1.1
97 CONTINGENCY 2( *  4692.6 * 0.0 # AA56.,2 * 236.3 * 0.0

ITITTTT L ERRRKREK
TOTALS 58584.6 4540
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CONF1G. CONCEPT 0 TP 310ARE-3B

TUG DELTA=V BUDGET

1-STG DEPL 1 PL INTO GEOS, RETR 1 PL
DV MAIN DV APS
L X223 2% 31 kkkxk kg%
1 ST THRUST * 0.0 % 0.1
6 PO1 * 4236.0 =* 0.0
11 MCC * 0,0 = 13.0
15 701 ] 3883.,0 =* 0.0
20 MCC * 0.0 * 12.0
264 MO1 * 5848.,0 x 0.0
28 ADJ APS PER NOD * 0.0 = 18.0
33 THRUST FR PL |} * 00 * 10.0
37 POI * 5S¢0 % 0.0
41 APOGEE ADJ * 0.0 » 0.0
45 PHASE ADJ * Qs0 % 0.0
49 MCC * 0.0 = 0.0
53 MO1 * 65,0 x 0.0
56 TPI * 350 * 0.0
59 wMCC * 060 = O.1
62 TPF * 0.0 = 35.0
66 DOCK PL 2 * Oes0 = 840
71 TO1 % . 5839,0 x 0.0
76 MCC * ' 0.0 * 18.0
80 POl *® 3864,0 * 0.0
8% MCC * 0.0 % 12.0
89 CIRC * 4182.,0 * 0+0
93 ADJ * Oe0 x 12,0
97 CONTINGENCY 2¢ * 562,00 x 0.0
(22322 221 L2222 33 33
TOTALS 28519,.,0 138,.3
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PAGE 6.3-152
TUG WEIGHT HISTORY
CONFIGe CONCEPT 0 TP 310ARE-3B
1-STG RETR 1 PL IN GEOS U
WT BEF DLT PAY WT AFT PRO=MA IN PRO=APS

) . o *#fffﬁjgw__tfyitffﬁm»—##t*#*tt E3 2 23 3] Kok koK Kk
ST THRUST * 63657.0 * 0.0 * 6365641 * 00 * 09
NB RELEASE ST * 6365641 % 0.0 * 6365641 * 0.0 * 0.0
we % 636561 % 040 * 6365641 * 0.0 * 0.6
SLEW IMU POI * 636561 * 0.0 * 63639.4 % 0.0 * 16.7
NB IMuU POI * 63639.4 * 0.0 * 63639.3 * 0.0 * Ol
POI B _ % 636393 % = 0.0 * 43108.,0 * 2053143 ¥ 0.0
CONSUM * 43108.0 % 0.0 * 43086.2 * 0.0 * G.0
w8 * 43086.2 * 0.0 * 43086.1 * 0.0 * 0.1
SLEW MCC % 4308641 ¥ = 0.0 * 43080.5 * = 0.0 ¥ 56
NB MCC * 43080.5 * 0.0 * 43080.5 * 0e0 * 0.0
MCC * 43080.5 ¥ 0.0 % 43010.7 * 0.0 * 69.8
w8 N ¥ 43010.7 % = 0.0 * 43010.6 % == 0.0 * 0.1
SLEW IMU TOI * 43010.6 * 0.0 * 42999,3 * 0.0 * 11.3
NB IMU TOI * 42999,.3 x 0.0 * 42999.2 * 0.0 * 0.1
TOI % 4299942 ¥ 040 * 300878 * 12911.4 * 0.0
" FUEL CELL VENT * 30087.8 % 0.0 * 30066.0 % 0.0 * 0.0
wB * 30066.0 % 0.0 * 30065.8 x 0.0 * 0.3
_SLEW McC # 30065.8 ¥ = 0,0 * 30061.8 % 0e0 ®¥ 3,9
NB MCC * 30061.8 % 0.0 * 30061.8 * 0.0 * 0.0
Mcc * 30061.8 * 0.0 * 30017.2 * 0.0 * 44,7
w8__ % 300172 * 0.0 * 300169 % 00 % 063
SLEW IMU MOT * 3001649 * 0.0 * 30009.0 * 0.0 * 749
NB IMU MO1 * 30009.0 * 0.0 * 30008.9 * 0.0 * 0.1
.MOI_ o L _ % 30008.9 * _ 0.0 & 1752649 % 12482,0 * = 0.0
s * 1752649 % 0.0 * 17526.9 % 0.0 * 0ol
SLEW TRACK * 1752649 % 0.0 * 17515.4 * 0e0 * 11.5
NB_TRACK_ * 17515.4 % 040 % 17513.6 * 0e0 * 1.8
™I * 17513.6 % 0.0 * 17457.3 % 56¢3 # 0.0
SLEW TRACK * 17457.3 * 0.0 * 17445.9 * 0.0 * 11.4
NB TRACK. ¥ 17445.9 % == 0.0 * 17444.7 * == 0.0 * L le2
MCC * 17484.7 * 0.0 * 17444,5 * 0.0 * 0.2
SLEW TRACK £ 17444,.5 % 0.0 * 17433,1 * 0.0 * 11.4
NB TRACK & 1743341 * 0.0 * 17430.9 * 0e0 * 2.1
TPF * 17430.9 * 0.0 = 17348.,7 * 0.0 * 82e¢2
SLEW DOCK * 17348,7 # Ceb 2= 173268:,0 = 0.0 % 22.7
NB DOCK * 1732640 % 0.0 * 17324.3 = 0.0 * 1.7
DOCK PL 1 * 17324.3 % 040 * 17305.6 * 0.0 * 18.7
ADD PL 1 * 17305.6 * 1437.7 * 18743.3 * 0.0 * .0
w8 ... . . % 18743.,3 % 040 * 18741.,3 »* 0.0 % 2.0
SLEW IMU TOI * 18741.3 * 0.0 ¥ 18736.4 0.0 =* 4.9
NB IMU TOI * 18736.,4 0.0 * 18736.2 * 0.0 0.1
ToI S % 1873642 % 0.0 * 10952.,1 * 7784.1 * 0.0
FUEL CELL VENT * 10952.1 * 0.0 * 10930.3 = 0.0 = 0.0
w8 * 10930.3 # 0.0 * 10929.6 * 0.0 * 0.8
SLEW MCC % 10929.6 * 0.0 * 1092841 % = 0.0 * = 1.4
NB MCC * 10928.,1 * Oe0 x 10928.1 * Q00 = 0.0
MCC * 10928.1 * JeO * 10901.5 ¥ 0.0 * 2645
_w8 e % 3109015 % =~ 0.0 * 1090047 % == 040 % 0.8
SLEW IMU POI * 10900.7 * 0.0 * 10897.9 * 0.0 * 2.9
NB IMU POI * 10897.9 * 0.0 * 10897.7 * 0.0 * 0.1
_POI S * 108977 * 0.0 = 763848 *  3258,9 * 060
FUEL CELL VENT * 7638.8 * 0.0 * 76170 % 0.0 #* 0.0
w8 * 7617.0 % 0.0 * 7616.5 * 0.0 * 0.5
SLEW MCC * 7616,5 * 0.0 * 761545 * 0.0 * 1.0

o8




S5 NB MCC * 7615.5 * 0.0 %= 7615.4 * D0 %= O.1
56 MCC * T7615.4 % 0.0 =% 7603.1 * 0.0 % 12.3
57 w8 x 7603.1 =* 0.0 % 7602.5 * 0.0 % 0.5
S8 SLEW IMU CIRC * T7602.5 * 0.0 = 76006 » 0e0 *» 240
89 NB IMU CIRC * 7600.6 » 0.0 * T7600.4 = Oe0 * Oel
60 CIRC * 7600.4 * 0.0 » 5174.0 » 242644 * 0,0
61 wB * 5174.0 % 0«0 * 5173.8 % 00 =% G2
62 SLEW ADJ * 5173.8 x 0.0 =% 5173.1 % 0.0 % Oe7
63 NB ADJ * S5173.1 % 0.0 % 5173.0 * Q0 % Oel
64 ADJ * 5173.,0 % 0.0 % 5164.6 % 0«0 % . Beb
6% wB * 5164.,6 =» 0.0 % 5163.5 % 0.0 = 1.1
66 SLEW EOS CAPTURE ST &% 5163.5 % 0«0 * 5162.8 *% D0 % 0.7
67 NB CAPTURE * 5162.8 x 0«0 % 5161.8 % Oe0 * 1.0
68 CONTINGENCY 2( * 5161.8 * 0.0 * 4905.4 * 256.4 % 0.0
ik ek k Kk ki kakk
YOTALS 59706.9 395.3
TUG DELTA=V BUDGET
CONFIG. CONCEPT O TP 310ARE-3B o o
1-STG RETR 1 PL _IN GEOS . - -
DV MAIN OV APS
e ok o ol ok Kok Rkk kK k&
1 ST THRUST * 0.0 * 0.1
6 POL *  4236,0 % 0.0 )
11 MCC * 0.0 % 12.0
1S ToO1 * 3883,0 =* 0.0
20 MCC L 0.0 *_ ll'ngm_m~m_ﬂ
24 MDY * 5848,0 % 0.0 .
28 TPI * 35.0 * 0.0 7
31 wMCcC * 0.0 * 0.1 (
34 TPF * 0.0 % 35.0
37 DOCK PL % * 0.0 % 8.0
42 TOI *  5839,0 = _ 040 L
47 MCC * 0e0 * 1840
51 POT * 3864.,0 * 0.0
6 MCC * 0.0 = 12.0
80 CIRC * 4182,0 % 0.0
64 ADY * 0.0 % 12.0
68 CONTINGENCY 2( x 554,00 % 0.0
*kEkkkkk Fdkkkkk gk
TJOTALS 28441,0 108.,2

o
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. 1-STG DEPL 2 PL-AKS IN GEOS

CONOU P WN -
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a1
a2
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45
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a7
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a9
50
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PAGE

f.3-154

" TUG WEIGHT HISTORY

CONFIG., CONCEPT 0 TP 310ARE-3B K

SRR

wT BEF OLT PAY WwT AFT PRO~-MAIN
) *,*,*,*‘t¥v_.*_f,,, KRR E Rk Sk kkkkk Ak ok ok
ST THRUST * 6365740 * 0.0 * 63656.1 * 0,0
N8B RELEASE ST * 6365641 * 0.0 * 6365641 % 0.0
wisa *¥ 636561 * 0«0 * 6365641 * 0.0
SLEW IMU P01 * 6365601 % 0.0 * 63639.,4 * 0.0
N8 IMuU POI *¥ 636394 % 0e0 * 63639.3 = 0.0
PO % 6363943 % 0.0 * 43274.8 % 20364.5
CONSUM ¥ 43274,.,8 % Qs0 * 43251,0 * 0.0
wB * 43251 .0 % O0e0 % 43251,0 * 0.0
SLEW MCC X 4325140 % 040 * 43245,3 = 0.0
NB MCC ¥ 4324S5.3 » 0«0 * 43245,3 * 0.0
MCC * 43245.3 % 0«0 * 43175.,2 = 040
ve . * 43175.2 % 0.0 % 43175.1 % 0.0
SLEW IMu TOY * 4317541 * 0.0 * 43163.8 * 0e0C
NB IMU TOI * 43163.8 % 0«0 * 43163.7 * Q0
Tor % 43163.7 % 0.0 * 30322.6 * 12881.2
FUEL CELL VENT * 3032246 * 0.0 * 30298.,8 =* 0.0
w8 * 30298.+8 % 0+0 % 30298.,6 * 0.0
SLEwW MCC % 3029846 * 0«0 * 30294.6 =% 040
N8 MCC * 30294,6 % 0.0 * 30294,.6 % 0.0
MCC * 30294 .6 * 00 * 30245.5 * 0.0
we ) % 3024545 * 00 * 302453 * = 0.0
SLEW DEPLOY * 30245.3 * 0.0 * 30241.3 » 0.0
NB DEPLOY * 30241,.3 0.0 * 30241.2 =* 0.0
DROP PL 1-AKS % 30281.2 % -10434.0 % 19807+2 % 0.0
THRUST FR PL 1 * 19807.2 * 0.0 % 19780.5 % 0.0
wB * 1978045 % O % 19779,3 = 0.0
SLEW IMU POI * 19779+3 * 0.0 % 1977842 % = 0.0
NB IMU PO1 * 19778.,2 % 0.0 % 19778.1 % 0.0
POT * 19778.1 * 0.0 * 19521,5 * 25646
wa % 1952145 % 0.0 * 19517.1 % 0.0
SLEW IMuU MOI * 19517.1 * 040 * 19516.0 * 0.0
NB IMU MQ1I * 1951640 % 0.0 * 19515,9 % 0.0
Mar . %__19515.9 % 0.0 * 19262.8 % _ 253.2
wB *¥ 19262.8 * 0.0 % 19262.,2 *» 0.0
SLEW ADJ b i%262.2 = 8 = 12261:,7 * 0.0
NB ADJ. * 19261.7% 0.0 % _19261.7 * 0.0
ADJ * 1926147 * 0.0 * 19259.1 = 0.0
wB * 19259.,1 * 0.0 * 19258.,5 =% 0.0
SLEW DEPLOY *_ 19258.5 # 0.0 * 1925840 % 0.0
NB DEPLOY * 19258.0 * 00 * 19257.8 * 0.0
DROP PL 2=AKS * 192578 * =~10434,0 = 8823.,8 * 0.0
THRUST FR PL 2 * 88238 * 0«0 = 88119 * 0.0
w8 * 8811.9 * Ce0 = 8809.4 * 0.0
SLEwW IMU TOI * 8809,4 * 00 =% 8808.,9 =* Q0
N8 MU TOI * 8808.9 * 0.0 = 88087 = 0.0
TO1 * 8808,7 ¥ 040 = T7294.0 * 1514,.7
FUEL CELL VENT = 7294,0 * Le0 = 727042 % 0.0
wB * 7270.2 * 0«0 * 72701 = 0.0
SLEW MCC * 727041 % 040 = T7269.9 = 0.0
NB MCC * 72699 % 00 % 7269.8 * 0.0
_McC . % 72698 % 0«0 % 7263.9 * . 0.0
wB % 7263,9 * 0.0 *  7263.9 = 0.0
SLEwW IMU POI * 726349 * 0.0 * 7263.5 = 0.0
N8B IMU POI * 72635 % 0.0 = 72633 * 0.0

S L IR K B IR K R I 3 BN AR I 2K R K I IR N IR

1
|

PRO-APS
PP
0.9
Q.0
Qa0
16.7
Oel
0.0
0.0
Oel
Se7
0.0
70.1
Uel
11.3
Ol
0.0
0.0
0s2
4.0
0.0
49,1
0.2
4.0
O.l
0.0
2647
1.2
11
0.1
0.0
4.4
1.1
Oel
0.0
0.5
0.5
0.0
2.6
0.5
0.5
0.2
0.0
11.9
25
De5
0e2
0.0
0+90
Oel
0.2
0.1
5.9
0.1
Oed
0.2

|
1

|
P

LR R AL 2K R BE BE BE B BE BE N BE NP NE R A N NP WA I Y



55 POIY * 7263,3 * 0.0 * 5299.5 * 1963.,8 * 0.0
86 FUEL CELL VENT * 5299,5 % 0.0 * §27%5.7 % 0.0 = 0.0
57 w8 * S275.7 * 0.0 $5274.6 * 0.0 * 1.1
‘ T 68 SLEW NCT . & SETR.G ® 0.0 & B274.8 & 0.0 s ot
59° NB NCC *  B278.5 & 0.0 * 8274.,3 =& 040 % O+l
60 MCC * S274,3 * 0s0 ® 5266.8 % 0.0 % T7+8
61 wB * 526645 * 0.0 * 5265.4 % 0.0 =* 1.1
62 SLEW IMU CIRC * 5265.4 * 0.0 =% 5265.1 * 0.0 * 0.3
63 NB IMU CIRC * 5265.1 * 0.0 * 5264.8 % . 0e0 % . 0e3
64 CIRC ™ 5264,.8 % 0.0 % 3599.2 # 1665.6 » 0.0
65  wa * 3599,2 * 0.0 * 3596.6 * 0.0 % 2.7
66 SLEW ADJ ® 3596.6 * 0.0 * 3596.5 * 00 * Oel
67 NB ADJ * 3596,5 % 0.0 * 3596.3 * 0.0 * 0.2
68 ADJ * 359643 % 0.0 * 3590 .4 * 0«0 * 5.8
69 w8 * 3590.4 * 0.0 * 3587.8 * 0.0 * 27
70 SLEW EOS CAPTURE ST # 3587.8 * 0.0 * 3587.,7 = 040 * 0.1
71 N8 CAPTURE * 3587.7 * 0s0 * 3585,6 % 0e0 = 2el
72 CONTINGENCY 2¢( * 3585,6 * 0,0 * 3468.2 * 1174 * 0.0
Kk kkokk g ok kkok kkk
TOTALS 3897740 248.7
TUG DELTA~-V BUDGET
CONFIG, CONCEPT O TP _ 310ARE-3B ¢ .. _ _ —
1-STG DEPL 2 PL-AKS IN GEOS
DV MAIN DV_APS
o ko ok Rk kxkkkkkx
1 ST THRUST * 0.0 = 0.1
6 POI * 4194,0 * 0.0
11 MCC & 0.0 % 12.0
15 YO1 * 3840.,0 % 00
20 MCC * 0.0 * 12.0
25 THRUST FR PL 1 * 0.0 * 10.0
29 POl * 142.0 =* 0.0
33 MmO1 * 142.0 * 0.0
37  ADJ * 0.0 = 1.0
" 42  THRUSY FR PL 2 * 0.0 = 10.0
46  TOIX * 20%52.0 * 0.0
51 MCC . * 0.0 * 6.0
55 PO} * 3428,0 * 0.0
60 MCC 0.0 % 11 .0
64 CIRC . 4136,0 * 040
68 ADYJ . 0.0 # 1240
72 CONTINGENCY 2( * 362.0 % 040
: ke kkkk (22 2332 %]
TOTALS 18296,0 Tae1
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TUG WEIGHT HISTORY

i CONFIGe CONCEPT 0 TP 310ARE-3b

1-STG DEPL 1 PL=-AKS IN GEDS

wY BEF OLT PAY WT AFT PRO~MA IN PRO-APS
E 2323 % 5 2] ek kkEkk Kphkhkkk _3!_!_*#*** Wk kg kkok
1 ST THRUSTY * 63657.0 % 0e0 * 63656.1 % 0.0 * 0.5
2 NB RELEASE ST * 6365641 % 0.0 * 63656.1 * 0.0 * 0.0
3 w8 * 63656.1 * 0.0 % 63656.1 % 00 % 0.0
4 SLEW IMuU POT * 63656,.1 0.0 * 653639.4 * 040 * 16.7
5 NB IMU POI * 63639.4 % 0.0 * 63639,3 * 0.0 = 0.1
6 POl * 63639,3 % 040 % 43274.8 * 20364.5 * 0.0
7 CONSUM * 43274.8 % 0.0 * 43261.8 * 0.0 * 0.0
8 wB * 43261.8 * 0.0 * 43261.,7 * 0.0 X 0.1
9 SLEW MCC * 43261.7 % 0.0 * 43256.0 * 0.0 #* Se7
10 NB MCC * 43256,0 * 0.0 * 43256.0 % 0.0 % 0.0
11 MCC * 43256,0 * 0.0 * 43180.1 * 0.0 * 7Se9
12 w8 *  43180.1 * 0.0 * 43180.0 * 00 = 041
13 SLEwW IMU TOI * 43180.0 % 0.0 * 43168,7 * .0 =% 11.3
14 NB IMU TOI * 4316847 * 0.0 * 43168B.6 * 0.0 * 0.1
15 TOI * 4316846 % 0.0 * 30326.0 * 12842.6 % 0.0
16 FUEL CELL VENT % 303260 #  Ce8 = 30312.0 = 0.0 % 0.0
17 w8 £ 30313.0 % 0.0 * 30312.7 * 0.0 * 0.2
18 SLEW MCC _* 30312.7 _* ) ~ 000*__ 3039_‘198___‘_"_ ___M_OQO * 440
19 N8B MCC * 3030808 * 0«0 % 303087 % Oe0 * 0.0
20 MCC * 30308.7 % Q00 ¥ 30259.,6 * 0.0 =* 49,1
21 wB * 302596 * L 0.0 =% i 302_529.3 *___' 0.0 % 0.3
22 SLEW DEPLOY %X 30259.3 * = 0.0 * 30255.4 * 0.0 =* 4.0
‘ 23 NB DEPLOY & 30255.4 * 0.0 * 30255.3 = 0.0 * 0.1
24 DROP PL 1=AKS % 30255.3 % =22990.6 * T264.7 ¥ 0.0 * 0.0
25 THRUST FR PL 1 * 7264.7 % 0.0 % 72564.9 % 0.0 % 9.8
26 w8 * 7254.9 * 0.0 * 7245.6 % C.0 * 9.3
27 SLEW IMU TOI * 7245.6 * 0.0 *  T7245.2 * 0.0 * Ded
28 NB IMU TOI o * 7245.2 * 0.0 * 7244.8 * 0.0 * 0.4
‘29 TOI * 7244.8 * 0.0 * 6882,7 * 402.1 * 0.0
30 FUEL CELL VENT = #®  6842.7 % = 040 * 6829¢7 * 0.0 * 040
31 wB *x 68297 * 0.0 * 682800 L 0.0 * 16
32 SLEW MCC * 6828.0 * 0.0 * 6827.8 * 0.0 * 0.2
33 NB MCC * 6827.8 * 0.0 * 6827.7 % 0.0 =% 0.1
334 MCC ) TR 6827.7 % T 0.0 ¥ 682549 * 0.0 =% 1.8
35 w8 * 6825.9 * 0.0 * 6824.3 * 0.0 =% 1.6
36 SLEW IMU POI * 6824.3 * 0e0 * 682349 % 0.0 * 0.4
37 NB IMU POI 7 T® 6823.9 & 0.0 ¥ 6823.5 * 0.0 % 0.4
38 POl * 6823.5 * 0.0 * 4847.5 * 1975.9 * 0.0
39 FUEL CELL VENT * 4847.6 * 0.0 * 4834.6 % 0.0 = 0.0
40 w8 T % T 4B34.6 ¥ T 0.0 * T aB32.,7 * 0.0 =* 1.9
41 SLEW MCC * 4832,7 * 0.0 * 4832.5 * 0.0 * 0.1
42 NB MCC * 483245 * 0.0 % 4832.,4 * 0.0 * 0.2
a3 MCC T T 4832.4 % De0 * 4825.2 * 0.0 % 7.2
44 wB * 4825.,2 * 0.0 * 4823.3 * 0.0 =* 1.9
45 SLEW IMU CIRC * 4823,3 * 0.0 * 4823,1 * 0.0 * 0.3
46 NB IMU CIRC *  4823.1 % 0.0 = 4822.7 * 0.0 = 0.3
47 CIRC * 4822.,7 * 0.0 * 3297.0 *% 1525.,7 * 0.0
48 w8 * 3297.0 =% 0«0 % 32_9605 * 0,0 * OS5
. 49 SLEW ADJ * 3296.5 % " 0.0 % 3296.4 % 0.0 * 0.1
50 NB ADJ * 32S66.4 *x 0.0 % 3296.2 * 0.0 * 0.2
‘ 51 ADJ * 3266.2 * 0.0 * 3290.8 * D0 * 53
R 52 wB _ *  3290.8 * .00 *  3288.,3 * 0.0 * 2.6
53 SLEW EOS CAPTURE ST * 3288.3 * 0.0 * 3288.2 * Ge0 * 0ol
S4 NB8 CAPTURE * 3288,2 = 0.0 * 3285.9 & 0.0 * 23
T U755 TCONTINGENCY 1.7C( % 3285.9 * TT0.0 ¥ 32018 *# 2 Bal.i * 0.0
. PAGE G. 3‘156 Ak ok ok ok Rk ok kkk
TOTALS » 3719540 21745




CONF1G. CONCEPT O TP 310ARE-3B

TUG DELTA=-V BUDGET

1~STG DEPL 1 PL-AKS IN GEOS

DV _MAIN DV _APS
Rk ko k Kk Fkrkk¥ kK
1 ST THRUST * 0.0 * Oet1
6 POl * 41G4.0 * 0.0
11 MCC & Ce0 * 13.0
15 7TOI * 384C.0 0.0
20 MCC * 0.0 % 12.0
25 THRUST FR PL 1 * 00 « 10.0
29 TO1 ] 621.0 * 0.0
34 MCC * 0.0 #* 2.0
38 pPO1 * 5718.0 * 0.0
43 MCC * 0.0 = 11.0
47 CIRC * 4136.,0 * 0.0
51 ADJ x 0el x iz2.0
85 CONTINGENCY 1.7( * 282.0 * 0.0
¥k kkkxk kkkkkk¥xk
TOTALS 16791.0 601
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6.3.6.2 CONCEPT 510A-3B
GEOSYNCH PERFoprMANCE

REFERENCES:

Q. S5I10A-1 Concept Dec;ni(‘ton , Lssue 2, dated 29 Auz 1973

b. B8&IMOAT- 73054, "Tug Requirements, Rewison 2, " dated 15 Augq 1973
\
\ -

GENERAL INFORMATION °

Weixep = 3329 1bs : IsP = 327 2 sec
Wapapt = 1510 lbs | ISPE = 0.983 T&P = 321.63¢ -

Av = 14018 fes

Ww; = ?/_ILQ :WA?A‘PT = oB000 -1510 )
A AVp - 13891 fps

We = 63490 ibs )
Weere Ween+ %(Consumables) Xoeploy =017
= 3329 +Z2C X gedneve = 0-28

X eowd Tep = 0. 277

Tug Length =Ly = 300 n
Kiek 5‘\'&3«2 Lev\j“fh =Ly = 66 in (for xS So1, Le - 80\}\)
Orbider P/L Bo.g Le_v\g'ﬂ'\ = L; : 720 in

Available P/ Lengih = Lp = Le=(Lr+nly)
\"P(w/a s, = 720 - 200 = 420 w = 35.0 {%
Lp(win usso) = 720 -(300+80) = 340n =] 28.3 £}
Lpcwith 1ws) = 720 - (300+ 66 ) = 354 n o« 295 £
Lptwin zvs) =720 - (200 + 132 )7 2880w = 24.0 £}
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CONCEPT 5[QA-3B(cont)
6 NASA MISSIONS'.

WITHOUT KICK STAGES

%ing\e Payl\oad

' we"(oevbg) = Wego1 = 3329"’047(354) = 3389.18 lbs

- See
Qr’?/a._‘ FCwu.wa;,xzspe,Aw, AVp) = 3410 tbs |Fig 4343
: ' /
Mulh ij\oads»l
| Weocner) = Weor = 3329 +0.1T(534) = 341978 ks
= £ = o ‘ Mo \ti
Wes (n ppy = T Wi, Weo , ISPE , AV, &V, LVp) = . Fig43.4.3_ P /L's

AV = £(0=60°) = 292 {ps

WiTH KicK STAGES

KS 50| qune*’arg P/L Deploy

Weo= Weor = 3329+ 0.17(269) = 3375 lbs

Weyp (Planetary) = F63.4,3.4,3

- KS 502 Double. P/L Deploy - No Retrieval Later

Wao = Weoy = 3320 +0.17 (342 ) = 3387 lbs

See

3815 s/ | Fig 4.3.4.2

WIL (2P veploy) =

PAGE 6.3-100




CONCEPRIT 5I0A- 3B (cont)

KS 503 Sing\e P/L Deploy - Later Retrieval

Wee = Weor = 3329+ 0.17(269) = 3375 lbs

See

-

KS 504 Double P/ Deploy - Later Retneval

Wgo = Weer = 3320 +0.17 (342) = 3387 lbs

See
wP/L = 2400 ‘bs/p\_ Fig 4.3.4.3

KS 505 Single P/L_Round Trip

Wep = Waop = 3329 +017(269) = 3375 lbs

See

Wey = 2385 lbs Fig 4.3.4.3

each wayy

KS S05A %E\\e P/L Deploy on Round Tn'_p Mission

Weo = Wepy = 3329+ 0.17(26)) = 3375 lbs

See

Wep = ©090 Ilbs F\g A4.3.4.3

PAGE 6.3-160.
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. CON CE PT é\OA '3_8( Con"t)
e DOD MISSIONS

WITHOUT KICK STAGES

Smg\e po.uj\oc\d

wBOCDcp\ota) = Weocnasn ¥ AWcoun
= 3329,\ 18 + 13.2

wQO( ue,pl.3) = 3402\38 lb.s

. S|Swn ‘e

wP/L = F(w‘:;%"i Ispe'AVu, AVD) = 33 59 ‘bs P/?-

“Mulh Pag\éacls -
Weotn o) = Weotnord (uasa) + & Weowm
= 3419.78 + 3.2
Q Weonen) = 3432.98 Ibs

. Multi

Wep = £ (we, wyo , Tobe, 4%, AV s, Vp) = Fiq 1 P/L

WITH Kicw STAGES .

Use HNASA K.s. Per{ovmamce
See Figs 4.3.4.3
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CONCEPT S5|0ADE-3B

GEOSYNCH PeERFORMANCE

REFERENCES:?®
Q. 510ADE-l Concept Definition, Issue 2, dated 29 Aug 1973

b. S0ADE-l Kick Stage Characteristics | Tssue 2, dated 29 Aug 1973

C. BEIM0o47-73054," Tus E&iu\\’en.\en"d) Qev;sw'n ?," da‘ted 1S Aug 1973

GENERAL INFORMATION 2

Tsp = 327.2 Sec

/
Weiep = 23534 Ibs !l
Wapper.~. 1510 _ lbs ) Ispe - 0.983 IsP =
. AV, = 1HO\8 fps (core only)

wpx;« = 107 ibs . .
AVDO(“RYF 30 {os ( core oﬂ\ﬂ)
AVpoULT) 130 CPS Ceore oﬂlj)

Wi =z P/lo ~WaoaeT = 65000 1510 = (3490 lbs Av, = 1289) Ces (core on\J)

Wgex = Wrixep + Z (Consumalles ) Lpeploy = 07T

= 3534+ 20 Lgertw = 0.29

K Rosed Trp 0.2

300 In
Lg = 66 in (onllj Kssol Ly =80 )

Tug Length = Lt

Kick sStage Length
Ocbiter P/L Bay Lens{h =lo~= 720";\.

Available P/L Length = Lp= Lo~ CLy+nlk)

Le cwo usy = 720 ° 300 = Azom =| 35 %

Le (o ¥s Sa) = 720 -(3061- go) = 340 m = | 283 #H

L Coithivs) < ‘720—(.305+ bo) = 254 wn o= 29.5 £&
288 m = | 24.0 £t

Lp (wdn 2ks) = 720 - (3004132)
KS Diuawmeter = j10-12 [}
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CONCEPT 5|OADE"3BCCOY\+)
NASA MISSIONS
WITHOUT KICK STAGES N

Sw{g\e Pay load

Waocpepioy) = Weox = Weev * 3534 +017(354)- 10
3,72.88 lbs

Weo cretneve) = Weor = 3534 + 0.28 (4%)

Wep (Eound Trip)= Weer = 3534 + 027 (G16) 3700.32 \bs

| 1
Wei (oeploy) = L (e, wy,, 15%, &VY, V) = 3035 bs
- - \‘Q‘P/L (Retvieve) = QQ‘UQ Wy, IS.%, OV, AVes, AVD) = 805 1bs
n ) = . 528 lbs

W oL (mound Trp) =& { )

Mot Payloads
Deploy
Weo (in PiL Oegley )

wP/L(h Pl Dgf'.«_.’) ='p(UJL, UJgo) ]:SPEJ AV, AV@) AVD) = F(a 4-3-4.3 _

See

Fl;i 4.3.4.3
Fi§ 4343

Fig 4.3.4.3

Weog - Werey = 3534+ 0.17(534)- 107 = 3517.78 1bs

Mult - P/L

Dep "’_‘j

AVe=£(d=60") = 292 Qps

Rounel Trip (Mulki- P/L Deploy)

Wy, = 3534 + 027 (616) = 3700.32 \bs

WesL (2 i pegt, 1 P 01) * FWL, Wgs , ISPE , AV, AVg, W)= |Figd343

Muldi-PA
Dep loy

*>
5\vg\¢ e/L

witd ey STAGES

KS 50| Planetary P/L Deploy
- 101
Wge = Weog - Wetrs 355440-\7(7.(;‘)):3 :i'ﬁlé ibs

Wepe = {Fig 343.4

PAGE G.3-163
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CONCEPT SIOADE-3B Ccont)

KS 502 Double P/L Deploy - No Retrieval

Weo = Weot - WRTRY T 3534 + 017 (342)-107 = 3485 \bs

dee
Wy, = 3815 \bs /, Fiq 4.3.4.3

\

KS 503 Single P/L Deploy - Later Redreval

Weo = Weey ~Weary = 3534+ 0.11(269)-107 = 3473 lhs C'(bplpbs)

Wap = Wary = 3534 ¢ D, 2¢ (660 ) = 3714 lbs CQ“*'"EQC)

See
Wepy, = 2825 lbs | Fq 4.3.4.3

KS 504 Double P/L DeP|OL{ - Later Inclivid\(al Qe"néva‘
Weo = Weor - Wevey = 3634+ 0.17(342)-107 - 3485 lbs (Deploy)

Weo = Weor = 3534+0.28 (660) = 3719 ths € Refrieve )

_ See
We, = 2400 Vo5 fp | Fig 4.3.4.3

_K__S 50% 5\\'{6\\& P/L Round Trip

Weo= Weor = 3534+ 0.27(529 ) = 3684 lbs

See
U\)PIL = 27385 lbs FIS, 4.3.4.3
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CONCEPT 5IOADE -3B Ccont)

KS 505A S\hsle P/L Dep\03 (Mo Later Retnieval) on Round Trip M;ss@

Weo = Weor = 3534+ 0.27(529) = 3684 (bs

See

Wep = G090 lbs Fig 4-3.4.3

PAGE 6.3-1C5




CONCEPT SIOADE-38(cent)

Q DOD_ MISSIONS

Weo = Weocnasa) * AWcomm = Weogpaay ¥ 23 bs

WITHOUT KICK STAGES

5\\'\5\2 pa“i ]qu

Weo (peploy) = 348718 +33 = 3520-18 Ibs
> 3705.8§ lbs

. Weo (Retrieve ) =.3672.88 +33

Weo (Round Trip) = 3700-32%F 33 =

WL (pegey) = §lw, ISPE, BV )

-

: Cr.s Tens
Wen (Reireve) = (w, Iste, AV ) i

Wiy (ount Trpy §CW, ISPE, BV )

t

@ Malti - Payloads

o e e e m——

De(:-lo«j
Weo =3517.78 + 33 = 2550.78 hs

Wep = F(w, ISPE,AY) a

AV & = £(0=60*) = 292 fps

Round Trip with Mulhi-PA Dep\os
Wee = 3700.32+ 33 = 3 3%.32 lbs

Wey = FCw,Isee, AV) - =
AV = §(D:609) = 292 o

‘ WITH  KICK STAGES,

Use NASA VK5, pPeorferwmance

See Fig's 4.3.4.3
PAGE 6.3=-1€6

= 3733.32 \hs

See
2908 lbs |pg 4343
6)98 1bs Fig A.3.4.3
495 1bs |gga343
R L Mu i - PL
F:‘j 434.3 Deploy
Multi- PIL
Fiq 343 Pepioy
Single /L
Retrieve
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SUBJECT: PRELIMINARY SPACE TUG TRAJECTORY MANEUVER TABIE - GEOSYNCHRONOUS EQUATORTAL
DEPIOY MISSION USING APOGEE KICK MOTOR

The maneuver sequence of events for the Space Tug geosynchronous
equatorial payload deployment mission is presented in Table I. 1In
addition to the basic TUG, the vehicle under consideration has a solid
rocket motor as an upper stage. The solid rocket motor is used for the
final portion of the Mission Orbit Insertion (MOI) burn which occurs at
apogee of the ascent transfer ellipse; the solid is commonly referred to

as a Apogee Kick Motor (AKM) and the designation has been used in the
table.

It is intended that the data presented in Table I be used as an initial
input#for timeline, and functional analyses being done in support of
Task #1. "

11ER FEV, ¢
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Paragraph 6.3.7.1.5

PRELIMINARY MANEUVER TABLE FOR THE GEOSYNCHRONOUS EQUATORIATL, RETRIEVAL
i MISSION USING SINGIE STAGE WITH DESCENT KICK STAGE
|

SUMMARY :

Table T presents the sequence of maneuvers required to perform the
geosynchronous equatoriel retrieval mission utilizing the Single Stage
plus Descent Kick Stage mode. The total mission time from lift-off to
touchdown is 2 55.4 hours. The Tug mission time is=e 36.3 hours and
the delta-V budget is ~2S/¥ fps with = 17024 fps being supplied by
the Tug.

DISCUSSION:

The old payload was deorbited into a 28,5 degree, 182 x 19323 n. mi,
orbit. The selection of node line orientation for deorbit of the old pay-
load is open other than perhaps lighting conditions during maneuvers. The

‘ delta-V reguired for the maneuver is - 6020 fps.

The Shuttle orbiter is launched from ETR into a 28.5 degree, 160 n. mi,
cireular orbit. The timing of the launch is made so that the node line of
the Shuttle orbit plane coincided with the old payload orbit plane (with due
considerations for nodel regression) and so that the elapsed time from old
payload deorbit and Tug rendezvous is adequate for phasing. Once the nominal
phasing geomelry is established the regpective minimum delta-V launch opportu-
nities are separated by =3.0 days. For this exercise the longitude of the
old payload was 210°E,

A phasing orbit of = 3.0 hours will be used to reduce gravity losses
during the perigee burn, Several orbits were allocated for G & N update
and checkout. The burn for the phasing orbit was initiated at t 22 10:25 . hrs.
The transfer burn was made at 22 12:00 hours. The next half orbit is dedi-
cated to G & N update and midcourse correction.

At epogee the Tug makes the required burn for the hybrid stable orbit.
At this point the old payload must be at apogee of its orbit. The deorbit
time can then be computed to be & ~13:00 hours. The Tug now has A<1.h4 orbits
( = 14 hours) to complete TPI, TPF, and docking. At = 34 hours the Tug per-
forms the first deorbit burn of lité fps to enter the phasing orbit. Approx-
imately 45 minutes later, the phasing orbit is established with =~ 35%¢ fps
! burn. The Tug then coasts for 1 orbit to perigee where the Snuttle orbit
_ insertion is achieved with e = Y1¢é fps burn. Tug retrieval is accomplished
. in the next 6 orbits., The mission is completed at = 55.4 hours.

GAL 1168 REY, 8
1-72 (PRI
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SUBJECT:

Paragraph 6.3.7.1.6

PRELIMINARY MANEUVER TABLE FOR GEOSYNCHRONOUS EQUATORIAL ROUND

PRELIMINARL J22me 2w
TRIP MISSION USING SINGLE STAGE TUG PLUS KICK STAGES

SUMMARY :

Table I presents the sequence of maneuvers required to perform
the geosynchronous equatorial round trip mission utilizing the Single
Stage plus AKS/DKS kick stage mode. The total mission time from 1ift
off to touchdown is ~62.7 hrs. The Tug mission time is ~ 47 hrs.
and the Delta-V budget is 21272 fps with /77977 fps pbeing supplied by

the Tug(mes),
DPISCUSSION:

The Shuttle Orbiter is 1aunched from ETR into & 28.5°, 160 WM
circular orbit. The longitude for the payload placement was 2= 55°E
(worst case) which requires ~13.2 hours between 1eunch and TOL. A
phasing orbit of ==3.0 hours will be used to yreduce gravity losses
during the perigee burn. This phasing orbit burn will then be initiated
at =~ 10.2 hrs, The phasing orbit, 182 x 4105 WM, 28.5 degrees is ob-
tained with an ~ 4/93. fps Tug burn. The kick stages will be sized to
perform the total apogee purn (both AXKS and DKS). The Tug then re-
mains in a 28.5 degree orbit for the entire orbit. (The Tug does not
make the 2.3 degree plane change at perigee as in Single Stage mode. ).

After one pass in the phasing orbit the Tug jmparts = 38e} ps to
complete TOI. The Tug orbit is then 186 x 19323 WM, 28.5 degrees.
The Tug could immediately release from the payload and begin maneuvering
for the rendezvous with the old payload. For this mission however the
Tug coasted to apogee intact with the payload.

At apogee the payloed is separated. The Tug now makes & first
phasing orbit adjustment to insure Hybrid Stable orbit insertion on
the next apogee passage. The orbit for the old payload will have &
period of ~10.6 hrs., The time which it must be deorbited can now
be computed. The time from deorbit to rendezvous must be & multiple
of its orbit period. Since rendezvous will occur at 29 hrs. in the
mission, the time of Shuttle launch must jdeally leg deorbit by az2.7
+ np hrs., For our pmission, n = 1 and the payload deorbit maneuver
occurred at -13.55 hours from Shuttle launch.




In the event that Shuttle launch is delayed by several minutes,
the launch can still be made. The effect of a launch delay will be
to cause the Shuttle node line to be displaced forward of the old
payload node line. As long as the delay does not make this displace-
ment greater than the nodal regression during the mission there is
essentially no Delta-V penalty. (For this reason the nominal mission
profile should be to initially place the Tug into the old payload
orbit and let the Tug adjust for nodal regression with the old payload
attached).

Two small burns are imparted by the Tug at the successive perigee
and apogee passes to complete rendezvous to the Hybrid Stable orbit.
The Tug then has over one orbit ( =15 hours) to complete the terminal
rendezvous and docking phase.

As the Tug approaches perigee in the third orbit, at an altitude
of = 4L00 NM, the Tug performs the first POI burn of 1376 fps. The
Tug then coasts through perigee to an altitude of 218 NM where the POI
is completed with a 223900 fps burn.

The Tug then again coasts to perigee (2:2.8 hours) where the
Shuttle orbit insertion burn of == 4¥)¢é fps is applied. Approximately
5 orbits are allocated for Shuttle rendezvous followed by deorbit,

re-entry and landing.
Ter4s  o~~okE:7 PEcT A=V 25 280 5,
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Paragraph 6.3.7.1.7

SPACE TUG TRAJECTORY MANEUVER TABLE SINGLE STAGE GEOSYNCHRONOUS
MULTIPLE DEPLOY MISSION (2 SATELLITES 90° APART - 4-3/L DAYS
PHASING TIME) '

SUMMARY :

Presented in Table 1 is the sequence of events required for multiple
payload deployment by a Single Stage Tug. The two payloads, separated by
a 90° central angle, are placed in a geosynchronous equatorial orbit.

MISSION DESCRIPTION:

The mission begins with the separation of the Tug from the Shuttle in
a 160 n, mi. circular orbit. Forty minutes later a 579 sec, burn is in-
itiated which boosts the Tug into a 182 x 4105 n. mi. intermediate orbit.
After nearly one orbit, the second burn is executed to streddle perigee,
After this burn, the Tug and payload are in a 186 x 19,323 n, mi. orbit.
After coasting to apogee, the third burn is executed. This maneuver
Places Tug and payload in a geosynchronous equatorial orbit.

Payload #1 is deployed and, after the separation maneuver has been
completed, the Tug is prepared for the next maneuver which consists of
a 7 sec. retro burn. This shortens the period of the Tugs orvit to
22,74076 hrs. This time represents 19/20 of the period of peyload #1.

When 5 orblts have been completed by the Tug and Payload #2, Pay-
load #1 has completed only 4-3/4 orbits. The Tug with Payload #2 is at
apogee and 90° ahead of Payload #l. Another 7 sec. burn circularizes the
Tug. From this position, Payload #2 1s deployed.

After completion of the separation maneuver, the Tug coasts to a
point near the ascending node of the Shuttle's parking orbit where the
descent leg of the nission begins by injection into the 170 x 19,323
n. mi, Transfer Orbit. At perigee of the 'Transfer Orbit, a maneuver
is executed which places the Tug in a phasing orbit so that ab next
perigee, the agreement of latitude of the Tug coincides with that of
the Shuttle. At this point the Tug is circularized at 170 n, mi,
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The time elapsed from the time the Tug leaves the Shuttle orbit
(1st POI) until it circularizes at 170 n. mi. on return is 137.9317
hours. (This coincides with 91.5 revolutions of the Shuttle)., The
total time the Tug is away from the Shuttle is 139.8489 hours.

The plane changes with each burn on the outbound leg are 1.2°,
1.0° and 26.3° in that order. The plane changes on the inbound leg
are 25.8°, 2.1° and 0.6°, also occurring in that order in time.

The total MPS Delta-V for the mission is 28.342 fps of which

14,044k fps is used on the outbound leg, 13,944 fps is used on the
inbound leg and 354 fps is used for phasing.
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Paragraph 6.3.7.1.8

SINGLE STAGE SPACE TUG MANEUVER TABLE - MULTIPLE PAYLIOAD DEPLOYMENT

INTO GEOSYNCHRONOUS EQUATORIAL ORBIT USING KICK STAGES
SUMMARY :

Presented in Table I are the sequence of events required for
multiple payload deployment by a Single Stage Tug using apogee kick
stages for the final payload placement maneuvers, The payloads are
placed into a geosynchronous equatorial orbit with 90° center angle
separation between payloads,

MISSION DESCRIPTION:

The Tug mission starts with separation from the Shuttle in a
160 n. mi. eircular orbit, Forty minutes after separation the Tug
inserts into a phasing orbit with an orbital period approximately
twice that of the Shuttles orbit. After coasting for one orbit the
Tug returns to perigee of the Phasing orbit and performs a burn
Placing the Tug in a trajectory with apogee at geosynchronous al-
titude (19323 n, mi.), perigee at the ignition point ( 160 n. mi.),
and an inclination equal to that of the Shuttle (28.5°). Before
reaching geosynchronous altitude the Tug releases payload (P/L) #1
and its kick stage, and performs a separation maneuver. Near apogee
the kick stage ignites, circularizes the orbit at geosynchronous

altitude and changes the inclination from 28.5° to 0°,

The Tug coasts to perigee of the transfer orbit (160 x 19323
n. mi.) and executes a burn to lower apogee to 17975 n, mi. The
period of the interior Tug phasing orbit (160 x 17975 n. mi.) has
been selected to permit the Tug to phase on the second payload place-
ment longitude, i.e., 90° behind P/L #1 in geosynchronous equatorial
orbit, with a minimum total Delta-V. Since the Tug never goes into
an equatorial orbit a Delta-V penalty for differntial nodal regres-
sion (Shuttle orbit regresses at greater rate than does the Tug Orbit)
will be incurred on the inbound leg of the mission after P/L #2
placement. The magnitude of this peralty depends on the length of
time the Tug has been separated from the Shuttle. The maneuvers to
place P/L #2 at & point 90° behind P/L #1 were selected by trading
off the Delta-V required to get in and out of the interior phasing
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orbit with the Delta-V pena’ty incurred by increasing the time that the
Tug is away from the Shuttle. Keep in mind that the total time required
to phase with the P/L #2 deployment location is inversely proportional
to the Delta-V for phasing; the less Delta-V expended for phasing, the
longer the coast time in the phasing orbit.

The Tug coasts for two orbits in the interior phesing trajectory,
then executes & maneuver at perigee which raises apogee to 19323 n. mi.
once again. Since the Tug 1s now on & direct transfer trajectory to
the P/L #2 deployment location, the payload and its propulsion system
(AKS) are released. At the appropriate time the kick stage ignites and
places P/L #2 in a geosynchronous equatorial orbit. The Tug coasts
past apogee (true anomaly of 180°) to a true anomaly of 264,.5° (altitude
of 3264 n. mi.) at which point it places itself on a transfer trajectory
with the final phasing orbit. After coasting in the intermediate trans-
fer trajectory (15946 x 226 n, mi.) for approximately 34 minutes the
phasing orbit is intersected and & burn is performed to get into the
4105 x 160 n. mi, phasing orbit.

After a little less than one revolution in the phasing orbit a
circularization maneuver is performed at perigee and a 170 n. mi, cir-
cular orbit results. The Tug and Shuttle relative positions are now
suitable for eventual rendezvous and docking.

The total MPS Delta-V expended for the mission is 30126 fps of
which 12010 fps is supplied by the kick stages, and 18116 fps by the

Tug.
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SUBJECT:

INTER-OFFICE MEMORANDUM

Paragraph 6.3.7.1.9

MANEUVER TABLE FOR THE TUG SINGLE STAGE "NUDGE" MODE - A
PAYLOAD DEPLOYMENT AND PARTIAL DEORBIT OF ANOTHER PAYLOAD

SUMMARY :

" This memorandum will discuss a TUG mode of operation which involves
deployment of a payload and the partial deorbit of another payload, i.e.,
what has been labeled the "Nudge" mode of operation. The significant tra-
jectory related events are presented in Table I, and a detailed discussion
of the mission follows.

MISSION DESCRIPTION:

The overall objective of this type of mission is to depley a payload
(P/L #1) into its mission orbit, perform & catch-up maneuver to effect
rendezvous which a second payload (P/L #), and to partially deorbit (Nudge)
P/L #2. The retrieval of P/L #2 from its stable orbit is performed by
another Tug mission and it will not be discussed in this memorandum. The
important implication of the Nudge mission mode is that the propellant that
would remain after deployment of a relatively light payload has been used
to partially deorbit another payload and subsequently enhance the retrieval
capability of another Tug mission.

A Que East launch from the E enge h 1 pos ed
the Shuttle/Tug vehicles. The Tug mission starts with separation from the
Shuttle in a 160 n. mi. circular orbit. The transfer maneuver from 170
n., mi. to 19323 n. mi. could be performed with one burn approximetely 180°
from the desired payload placement longitude, or it could be performed by
two (or more) burns, each raising apogee until it reaches 19323 n. mi. The
advantages of using at least two burns for the transfer to geosynchronous
altitude are twofold. The establishment of an intermediate orbit between
170 n. mi. and 19323 n. mi. facilitates payload placement at & specific
longitude in the mission orbit by creating an accelerated catch-up (phasing)
situation. In addition, the Delta~V losses due to gravity steering are
reduced when the multi-burn approach is taken ard each burn is relatively
short.
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The first of the two maneuvers to ultimately raise apogee to geo-
synchronous altitude is the PHASING burn. It occurs approximately forty
minutes after separation from the Shuttle and it creates a perigee 180°
from the desired payload deployment inertial longitude. The Tug remains
in the 182 n, mi. by 4105 n. mi. phasing orbit for one revolution. A%
perigee a second burn, the TRANSFER burn, raises apogee to 19323 n. mi.
and the Tug coasts one half of an orbit before circularizing the vehicle
at geosynchronous altitude, and at 0° inclination.

After P/L #1 has been deployed the Tug performs an on-orbit phasing
maneuver to catch up to the second payload which is 6000 n. mi. downrange.
The magnitude of the on-orbit Delta~V (42 fps) has been selected to permit
rendezvous with P/L #2 in approximately 3.3 days. Figure 1 will serve as
an aid in envisioning the on orbit phasing maneuvers. Figure 1 is a re-
Jative motion presentation of the Tug trajectory relative to P/L #2 which
is to be retrieved. The origin of the coordinate system stays centered at
P/L #2 with one axis of the system representing the local vertical and the
other axis the local horizontal.

The on-orbit phasing maneuver changes the orbit from 19323 n. mi.
circular to 19323 n, mi., x 18950 n., mi. After approximately one half an
orbital period (~v 12 hours) the Tug reaches pecrigee and a burn of 5 fps
is performed to lower apogee 40 n. mi. The apogee has been lowered to
enhance the eventual (~ 2.5 days later) approach trajectory of the Tug to
P/L #2. After the Tug performs the apogee adjustment maneuver it coasts
to apogee ( ~' 12 hours) and at this point has the opportunity to adjust
perigee once again to compensate for trajectory dispersions and the execu-
tion errors that have accrued since the last navigation update, Nominally
no correction would be made at this point.

After coasting for two more orbits the orbit is circularized 40 n. mi.
below and 91 n. mi. behind P/L #2. This corresponds to a range of 100 n. mi.,
the assumed laser tracking range. The constant altitude differential between
the Tug and payload produces fairly stable relative trajectory parameters
which facilitate accurate laser tracking. The Tug coasts for 5.2 hours after
circularization and then executes a burn (TPI) which places it on an inter-
cept trajectory with P/L #2. TPI is performed 10 n. mi. behind and 40 n. mi.
below P/L #2. The theoretical transfer angle (central angle through which
P/L #2 will travel from TPI to intercept) has been established at 30° cen-
tral angle which corresponds to two hours of flight. In practice, the time
between TPI and intercept would increase to approximately three hours to
rermit the intercept velocity to be nuiled during the terminal phase of the
transfer,
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After successfully docking with P/L #2 the Tug coasts in geosynchronous
equatorial orbit weiting for its trajectory to intersect the Shuttle line of
nodes. This point has been selected to start the deorbit sequence since it
represents & point where no Delta-V penalty is said to compensate for the
Shuttle orbital regression.

The Tug places P/L #2 into & 19323 n. mi. x 10087 n. mi. orbit.
During the one revolution that the Tug remains in this orbit the payload
is released and the TUG performs a small separation maneuver in anticipation
of its next burn at apogee. The Tug burn at apogee lower perigee from 10087
n, mi. to 170 n. mi. A%t perigee a phasing maneuver is performed which lowers
apogee from 19323 n, mi. to 6230 n. mi., the apogee required to place the
Tug approximately 300 n. mi. ahead and 10 n. mi, above the Shuttle after one
revolution in the phasing orbit and circularization of the Tug orbit at 170
n, mi, The Tug and Shuttle positions are now suitable for Shuttle active
rendezvous and docking.

The magnitude of the "nudge" Delta~V was selected by utilizing the
full cepability of both the dqploy/nudge Tug and the Tug which eventually
retrieves the partially deorbited payioad. The mission described in de-
tail in Table I deployed a payload of approximately 2700 lbs. and nudged
one of 2200 lbs.
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SUBJECT:

e e ia am mwwm e — -

Paragraph 6.3.7.1.10

MANEUVER TABLE FOR THE GEOSYNCHRONOUS DEPLOY MISSION USING THE TWO-STAGE
SLING SHOT MODE

SUMMARY :

Table I presents the sequence of maneuvers required to perform the
geosynchronous equatorial deploy mission using the two-stage sling shot
mode. For this configuration the lower stage estapiishes the phasing
orbit and returns to the Shuttle; the upper stage goes on to complete
its mission alone. The lower stage propellant is off-loaded. The lower
stage imparts L4UO fps to establish the phasing orbit and 4541 fps %o
return. Its mission time for separation to rendezvous is 22 10.5 hours.
The upper stage imparts 9522 fps on the outbound leg, 13920 fps on the
return leg and has a mission time of L48,5 hours from separation %o
rendezvous.

DISCUSSION:

The Shuttle orbiter is launched from ETR into 145 NM circular orbit
with inclination between 28.5 and 30 degrees. The timing of the leunch
is open. The time between launch and transfer orbit inserticn is de-
pendent upon the longitude of the payload placerent and the parking orbit
inclination. For this exercise the longitude of the payload placement
was 80 degrees East, the inclination is 28.5 degrees and the time between
launch and TOI is 13.4 hours.

The two Tugs and payload are separated from the Shuttle orbiter
intact. At the prescribed time the lower stage burns for 595 seconds
to impart a delta-V 2~z 4450 fps and establishing an orbit of 160 x
L4775 NM, 27.3 degree inclination. The lower stege then separates.
After a small delay the lower stage adjusts its orbit (delta-v =110 frs)
to establish the ideal rendezvous condéitions on its next pass through
perigee three hours later. As it approaches':;65 degrees before perigee
the lower stage imparts a 224 fps burn to lower perigee and adjust for
nodal regression. Fifteen minutes later, just after perigee pass&aze the
f£inal burn of == L207 fps is imparted to place the Tug in the 155 NM
circular orbit of the Shuttle. ,

The upper stage with payload has already passed perigee and must
wait & second revolution in the parking orbit. It was decided unwise
to command both Tugs *o burn at the sane time. At the next perigee
passage the upper stage imparts 423665 fps to establish a 165 x 19323 NM,
26.3 degree orbit. The Tug coasts two hours and perfoms whatever mid-
ccurse correction is required.
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The Tug coasts to apogee. Here & 2 5847 fps burn establishes the
geosynchronous orbit. The payload is deployed; the Tug then coasts to
the node line of the Shuttle orbit where a burn of 5848 fps establishes
a 165 x 19323 NM, 26.3 degree orbit. The Tug coasts to perigee where a
5720 fps burn establishes the required phasing orbit of 165 x 1825 NM,
27.3 degrees. At the next perigee passage the Tug inserts into the
Shuttle orbit at 165 NM with a 2352 fps burn. Approximately 10 hours
are allocated to rendezvous, retrieval and re-entry.
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] Sk TRt INTER~CFFICE MEMORANDUM

Paragraph 6.3.7.1.11

SUBJECT: MANEUVER TABLE FOR THE GEOSYNCHRONOUS ROUND TRIP MISSION USING THE REVERSE
SLING SHOT MODE.

Summeary:

Table I presents the sequence of maneuvers required to perform the
geosynchronous equatorial deploy mission using the two stage reverse sling shot
mode. TFor this mission, the upperstage with paylcad goes alone to synchronous
orvit and returns as fer as its propeilant carries it. The second stage then
leaves the shuttle and performs a retrieval mission of the first stage. For
+his Mission the upper stage imparts a delta V of .=20820 fps and has a missicn
1ife of 106.6 hours from separation to burnout. The second stage prorellant
is offloaded. + imparts a delta-V of 15097 fps and has a mission lifetime
of 24.4 hours from separation to retrieval. :

Discussion:

The Shuttle orbiter is launched fram ETR into a 145 M circular orbit
with inclination between 28.5 and 30 degrees. The upper stage and the payloacd
are released from the shuttle; the lower stage remains.

The upper stage burns for 238 seconds to estavlish the phasing orbit of
160 x L4100 NM, with 27.3 degree inclination. At the next perigee passage
the upper stage bturns for 210 seconds to establish the transfer orbit. The Tug
and payload coast to apogee where the Tug burns for 202 seconds to establish
the geosynchronous equatorisl orbit.

o
[
[2]

The payload is deployed and the Tug begins phasing maneuvers to retrieve
tre old peayload. Aprroximately 80 hours are sllocated to the phasing and
retrieval of the old payload. After retrieval the Tug goes to the next shuttle
orbit node. line and performs the transfer orbit burn, placing the Tug in a 165 x
19323 NM, 28.5 degree orbit. The Tug coasts to perigee where an additional turn
of 700 tps is made and its propellant is depleted , its mission complete. This
orbit is 165 x 13675 NM with period 7.3 hours.

The second tug now begins its part of the mission. It separstes frcm the
shuttle and at the eppropriate time performs a phasing orbit maneuver with a
151 second burn. At the next perigee passage the tug completes the maneuver
to pl=ce the two tugs in the hybrid stakle orbit. The first 1.5 revolutions
in this orbit are dedicated to rendezvous and docking; the last half
revolution is given to the transfer to the phasing orbit.

LaT 1182 v, %

y—-71 2T
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The transfer orbit is established with a 29 second burn. The package
then coasts for 2« 45 minutes. The phasing orbit is established with a 157
second burn. Coasting to the next perigee passage, the shuttle orbit inser-
tion is completed with 76 second burn. Rendezvous, docking and retrieval are
completed in the next five hours.
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6.3.7.2 DOD MISSION L

The maneuver table and mission time line is shown for a typical
multi-deploy mission into a high inclination, non circular, 2k hour
orbit.

Subject: SPACE TUG TRAJECTORY MANEUVER TABLE -
TYPICAL "EGG BEATER" MISSION (DOD MISSION k)

Presented in Table I is the maneuver table for the Space Tug "egg beater”
mission., The mission, as outlined, requires the deployment of four (4)
satellites, two (2) at apogee and two (2) at perigee. The mission orbit

is a twenty-four (24) hour non-circular orbit with the line of apsides
jnclined 30° from the pole. This mission is typical of four similar missions
to deploy 16 satellites in four "egg beater" formations over the globe.

If this mission proves impossible as outlined, it will be accomplished by
the deployment of two satellites on each of two missions.

It is intended that the data in Table I be used as an initial input for time-
line and functional analysis in support of Task #.
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6.3.7.3 High Inclination Elliptical

The Maneuver table and time line for a typical elliptical
polar orbit are shown. The mission is<performed with a single

stage Tug.

MANEUVER TABLE FOR PAYLOAD DEPLOYMENT AND RETRIEVAL IN AN
ELLTIPTICAL POLAR ORBIT - SINGLE STAGE TUG

SUMMARY :

Table I contains the sequence of trajectory events required to launch
a Single Stage Tug from the western test range (WTR), place a satellite in
2 300 n. mi. x 3000 n. mi. polar mission orbit, retrieve a second satellite,
return to the Shuttle, and return to the WTR.

MISSION DESCRIPTION:

Placement of the Shuttle/Tug in a 160 n. mi. polar circular orbit is
accomplished by a southerly launch from the WIR into a 50 n. mi. x 100 n. mi.

orbit. Half a revolution after insertion, at an altitude of 100 n. mi., the
perigee of the insertion orbit is raised from 50 n. mi. to 160 n. mi, The
Shuttle/Tug vehicles coast to apogee of the 100 n. mi. x 160 n. mi. orbit and
the Shuttle circularizes the orbit.

The desired mission orbit is 300 n. mi. x 3000 n. mi. with an inclination
of 90°, and a line of apsides in the equatorial plane. In addition, perigee
of the mission orbit will be established at a descending node of the Shuttles
orbit. The First descending shuttle node after the Tug separates fram the
Shuttle occurs a little more than one orbit after circularization. Aithough
the Tug could start meneuvering to place itself on a transfer trajectory to
the mission orbit at the first descending node opportunity, an additional
two revolutions in the 160 n, mi. circular orbit, and a revolution in a phasing
orbit are provided to meet a 360° in-plane phasing requirement.

At perigee of the phasing orbit (160 n. mi, x 1800 n. mi.) apogee is
raised to 3000 n. mi., the mission orbit apogee altitude. The Tug coasts
from perigee of the 160 n. mi. x 3000 n. mi. transfer trajectory to apogee.
At apogee the mission orbit is entered by raising perigee from 160 n. mi.
to 300 n. mi.

Coasting for one half of an orbit provides adequate time for P/L #1
deployment. At perigee (altitude of 300 n. mi.) a phasing orbit with an
apogee of 3063 n. mi., is entered. The period of the phasing orbit was based
on an assumed interval of %-period between perigee passage of the deployed
payload and the payload that is to be retrieved. The Phasing orbit delta-V
was constrained to be approximately 50 fps which dictated that phasing for
27 revolutions in the 300 x 3063 n. mi. orbit would be required.

PAGE f,3-79n




After insertion into the mission orbit, one and a half revolutions.
have been provided for rendezvous and docking with P/L #2. Transfer
orbit insertion occurs at apogee of the mission orbit and it lowers per-
igee to 170 n. mi. Ater coasting in the transfer orbit for 180°, a
phasing orbit insertion maneuver is executed at perigee. The phasing
orbit of 170 n. mi. x 2015 n. mi. has been selected to place the Tug
300 n. mi. ahead of and 10 n. mi. below the Shuttle after 2 revolutions
in the phasing orbit and circularization of the Tug orbit at 170 n. mi.

A deorbit opportunity, which permits the Shuttle/Tug to approach
WTR in a north-south direction occurs approximately 1.5 hours after the
Tug and Shuttle have docked. The total mission duration is approximately
4 days. The MPS delta-V required is 7233 fps not including midcourse
correction delta-V.
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6.3.7.4 High energy planetary

The maneuver table and timelines are shown for a High energy planetarg
mission. The tug is expended and the Mission energy C3 is 109 KMe/Se .

Subject: Preliminary Maneuver Table - Planetary Mission/Expended Tug

Summary:

Table 1 presents the sequence of maneuvers required to perform the planetary
mission with an expended Tug. To reduce AV losses resulting from finite thrusting
at high altitudes, the Tug main burn is carried out in two parts separated by a
coast in a 200 x 9000 n.mi orbit.

Migsion Degscription:
The orbiter is launched from ETR into a 28.5° inclined orbit and delivers the

1/sn 2 a2 ~amhid o3 T haws 21 mine ED ann Tha

D am man

Tug plus payload into a 160 n.mi circular orbit at 1 hr: 34 min: 52 sec. The
orbiter achieves this through a sequence of OMS-burns and coasts as indicated by
events 1 thru 7 in Table 1.

The Ve vector required for the planetary mission is directed along Right
Ascension 253.2°, Declination - 28.4°, The latitude of the V. vector with respect
to the ecliptic plan is -5.8° and its longitude iz 255.2°, This Ve direction
along with the assumption of an eastward launch fixes the hyperbolic orbit plane
in inertial space and results in an inclination of this plane to the ecliptic
plane of about 8,9°. Launch GMT should be such as to allow orbit precession during
the time interval to hyperbolic insertion to result in the desired hyperbolic orbit
plan. For the launch date 10 March 1986, launch will occur at approximately 7 PM
oMT,

The Tug remains in circular orbit at 160 n.mi. for about 3 hours and ignites
for the first burn at 4 hrs: 37 min: 46 sec. GET., This burn, lasting 920 sec,
over an arc of 65.8° places the Tug and payload into a 200 x 9000 n.mi. elliptic
orbit. This burnout has a true anomally of 32.7° on the ellipse. After coasting
for 4 hr: 43 min: 30 sec the Tug re-ignites at a true anomaly angle of -45°.0,
burns for 951 sec over an arc of 83,19, and inserts the payload into the desired
hyperbolic orbit at 9 hr: 52 min: 27 sec GET,

Table 2 presents the trajectory data at various events on the trajectory.

The Tug burn data was provided by Lyle Dickey from optimization studies designed
to hold the AV losses to a practical minimum.
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TABLE 2

Start of T t Burn

Altitude = 160, n.mi.
Speed = 25,353.8 fps
Flight Angle =  0.00

End of T Burn
Altitude = 416, nemi.
Speed = 30,205.5 fps
Flight Angle =  11.49

True anomoly 32.7° on 200 x 9000 n.mi. orbit

Start of Tug 2nd Burn

Altitude = 621. n.mi.
Speed = 29,186,2 fps
Flight Angle =  15.6°

End of Tug 2nd Burn

Altitude = 1029, n.mi.

Speed = 1&7’001 . 5 fpS

Flight Angle = 28,80

True anomaly = 38,4° on hyperbolic orbit having

Vo =31&)252o9 fpS
hp =311. nomio

half ssymptote angle = 69.8°

=
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6.3.8 Tracking Coverage

Ground tracking timelines of the Tug have been compiled for the
Geosynchronous Equatorial mission launched due east from the Eastern Test
Range (ETR), the High Energy Planetary mission also launched from the
ETR, and the High Inclination Elliptical (Polar) mission launched due south
from the Western Test Range (WIR).

The aforementioned missions were all tracked by the 15 station NASA/
STDN tracking stations described in Table 6,3.8-1. 1In addition, the geo-
synchronous mission was tracked by the 7 station DOD/SCF neswork outlined
in Table 6.3.8-2. All altitudes have been referenced to an earth radius
of 20925738 ft. Each STDN and SCF station was restricted from tracking
within 5 degrees of the local horizontal at the station.

The ground tracking timelines which follow list in a chronological
fashion the particular ground station which has acquired coverage of the
orbiting Tug, the ground elapsed time that the Tug was acquired, the time

that contact with the Tug was lost, and the contact time for the station.
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TABLE 6.3.8-1

NASA/STDN TRACKING STATIONS

STATION NAME LATITUDE LONGITUDE ALTITUDE
GOLDSTONE (GDS) 35.16 243.13 -20363.
MADRID (MAD) 40.26 355.83 -2683kL.
ORRORAL VALLEY (ORR) -35.63 148.96 -19861.
ROSMAN (ROS) 35.20 277.13 -20215.
MILA (MIL) 28.35 279.31 -15933.
BERMUDA (EDA) 32.18 295.34 -19970.
JOHANNESBURG (BUR) -25.89 27.71 -7534.
TANANARIVE (TNA) -19.01 47.30 -2930.
ASCENSION (ACN) -7.90 345.67 383.
ATASKA (ULA) 6h.98 212.48 -55712.
QUITO (QUI) -0.62 281.42 10729.
HAWAII (HAW) 21.99 200.33 -6153.
GUAM (GWM) 13.22 iy, 7l -3217.
CANARY ISIAND (CYI) 27.61 344,37 -14552,
SANTIAGO (AGO) -33.15 289.33 -18576.
TABLE 6.3.8-2
DOD/SCF TRACKING STATIONS
STATION NAME LATITUDE . LONGITUDE ALTITUDE

NHS 42,95 288.37 0.

VTS 34.82 239.50 0.

HTS 21.57 201.73 0.

KTS 57.60 207.82 0.

108 -4.67 55.48 0.

GTS 13.61 144,85 0.
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